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Included as a non lattice matched 2-D electron channel. 
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0.4um, GaAs (2°10'°) 
17A, GaAs (U.D.) 


quality of supreme importance 
Technique delivers required layer properties 
@ Reproduceability of devices (>5%) essential - limit 
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Output of two whisker devices before combining 


Oem 


“25 


mKR 1 


‘payiodei uoneyjloso jnfosn ou 'ZHH CE 0} UOTRSTIO}ORIVYO SOIAOG @ 
(Q01A@p OZIS IBIS JO} XQ) souR}ORdeD soLAOp Jo}BOIT YON, @ 


‘SWUSTURYOOU JJOdsuLI} JUSIOJZIP 
Woy suse TTY pue GLY 10} A] usemjoq seoussajip spqng »@ 


(,-WoYy Ol <) selyisuep yuormo 
YysIy pue (ed1Aep SYUI[V/SVEDU] ‘E661 EL “skid [ddy f ‘‘je 30 Aeq) 
oinjeroduloy WOO 7 OOT <<) palqiyxe ones Aol[ea-0}-yeag oBIe] @ 


“*aInjon.4ys 
ud Ul MO SVIV/SVeD ‘oimonys ud ur SMO eTqQnop SYVUI[V/SVROuU] 
“(qSeO/sVup syetsoyeu despueq uayolq jo spew useq oARY SITY @ 


(LID eporg jouuny, pueqsozuy jueuosey ay, 


“s 


iL f : hin 


, A dot 
“ 
Pes 


re dber 
a 


thle ny 
2.0006K2 


- = 


SPAM 
*19.00dta 


75 .798GHz 


1048/ 


76. 0786Hz 


ombined output of two whisker 04 


-~ 
—_ 


CENTER 


OUdIA DNINIDNOOD-WAMOd GLU 


(ese) plals 
AZ19USd JO yNdjno sjsisse - zs - é 0 


UMOPYeIIg B[NI-UOTDIIJ9G__s ® SO Sp- 
Op- 
S| ia 


Soq wolf ysiy sorjdur te 


SJOAS] Nepuey joreseg 


(Aaw) ABsaus 


vOFT] NOA 4 
Jo ssew Aue, - Ai ]IQrxo}y : 
yeols JOJO suis}sAs S[OH ¢& xe (ELE) Wo, O1xG ,wo 01 xX €'0 (Ee O)SVEDIV/SVED S91 INN 


SVEDIV/ISVED d 
NI WASVWT WIOH LOH ZH 


7 oy om ee es on ee oe 


pornbelr uoneUuLojut (koe 
jeyuoWwIIodxs s10/W @ pepeb 
heedes Ayyey61q) 
ubjsap 9) loyoaluy 


Olmy > my josnuog © 


a 
= om oe 
= 
~ 


UOISIOAUT OINSUS OF 
usIsep WpPIm-]fem spqng ©@ 


sOURISIG 
‘Ua}sAS [PLIOJBU PdT[O.]UOS z 
Jam Ul posijeol Josey © c 
6Z. LUA V aA 


WOH WASVT wOSSVdVO.u GHNDISAGCHA 


‘UOISIOAUL UOoTeIndog »@© 


‘uoTje1ado s1ua80AI9 
‘OOIAOP =, HNIIJIG, © 


‘duind MOOI 
WM Yo ye yndjno MUO, © 


“@ pue 
 Pessojo ul sopoy AAvoy 


pue jYysIT Jo sommeudp 
qoy ywoIojIp wo 


(SHUN “qiy)yndjno uaseq 


WASV'I 2°9D-d WIOH LOH 


. ; pueg 
ous]eBA A-[][ Ul UOTSSIUIS 9TOY (0) 


(uosliqep) 
‘pueq 10jonpuod A-III 
Ul Jose] ,ossedesd,, pousisopoy (q) wipes 


(yoeqoyous M) i alc 
yosey aH-d apoy 3 i0y (®) 


pueq 
eouelBA eeis 
— — pueqqns 


| atoy 
(63) 
[UOISSIUIa PUBGQNS-IOIUI UO BurAjo1 sea avs 
Qo1Aep osn 0} oq Aur UOTIN[OS @ T mae os 
(ZH.LOI@2Lugqd) Z9yeI9L — ee 
ye ArOVOVJsHesun Jose, ivjodig @ kee 
SUHSV'T GNVEEFNSaa INI 


SHOWNOS IVINGNAVGONO 


‘AJUO somuOUIEY 
ppo ‘A-O oljowudAs ‘A-y o1ayjowWAsQUe 7, yORG-O}-yoRG, UNI UsyOQ - 


sonsiiajoeleyo A-D 
pue A-] ‘somod duind ‘ssourpodun Suippoquio uo yuspuodep Ayyeor ul lb - 


uoneiedo spow-paxiw sojovid ul frotdnynur sayoves 
JO} juoWIa}e}]s xa]duI0d aJoUI ‘24 = & “soydninur oansiser jeapl Joy - 


g]qissod uoneolydyjnul sAovel JO DANSISOY - 


(A-D “A-D) onstoyoRreyo 
Jeoul]-UOU pasop SaplAold uOTOUNY JOJONPUOSIUNAS /[RJOW Je PSWIOJ JoWIeEg = - 


uonesedo ZH, Jo} SOIASp JeuonIpesy = - 


AdOid AM LLOHOS 


‘JeVI31Ip oq Avw suoneorjdde Zurstuuo3d 
s1OU ‘poyeIsUOWSp ussq sey JOXIW sALIP 0} ATIGge Ysnop|TyY @ 


[S661 40[SUa\\] 
uonedsedoid soeds saaj-Aelie WOT ZHD 06] 18 M9¢'0 
[€66] ‘Je 39 suoyeyA]] 
uonjesedoid ooeds soa - Avlle WOIl ZHOOIT 3&@ MY] 
[p66T “UeH] 
Joysiso1 diyo-uo oyul podump - zHHOoQS “xoidde ye AAW Jo suey 


‘sainsy aououuofiag © 


‘poyiodas saoraop °T, 4st @ 


| : N/I 
20 YIPIMOUT] NY 20 Jomod :oyqissod uoneoliqey Avlie poyoo] oseyg @ 


SIOJE[]IISQ Uosydasor 


SH@OId ASLLLOHDS - 
SHOUNOS GAVIdILTNW-AONTNOTWA 


wun 8 #99 yp ye suoNoUNt GN/OIV-IV/QN wtp jo fee OIxor 


(A) A ij ‘WPIMOUTT ZHMCT fndyno zpH gg 


(yu) ] 


ogy =m 2°@/A=A 
Je soyeT]IOSO ‘A O3eIJOA Je poserq ‘uoTNOUN! poyuNys ATOAHSISOY @ 


suonounf 8unonpuooiodns/jeusou/sunonpuoosodns @ 


sIoye][IOsEC, uosydesor 


SHOWNOS TV.INGDNVONDA 


(ME) DUOWILY PIE SATS [JIA SULIO} -A 


(jMZ) DIUOMIeY PUZ SATS [ITAA SULIO} 7A 


+ +d =) Oey a=] 
45 


ADIAUG AVANIT-NON SV AGOIDG AMLLLOHOS 


wit ¢-7 ~ YIpiMn 
uolda1 uonsdeaq © 


b'0 ~ (sojouesed ovensqns } rakoyde f sotend? Fn 
wt paiaqdapun : Poridap | 


3 $ 
a * 
s . 
* e 


ajo1d Buidop) 4 @ 


Aq 
~ o9de}]OA Ul-yINgG © 


AST ~ 
ode}[0A UMOPYRIG © 


Lo 
BSuims gouryiordeg © 
SV 


OO] ~ DOURISISOI yooyuer spurt 


sd9Ilo9s Od @ 


SYog—,u '2307)8qNg 
‘syog-u ‘sah0ydg 


HI OZ ~ seiq sak) IS 
010Z je soueyDoedey @ jovjues-Ay10495 OY-Id 
(aay 20ND) JRSM 


HQ01Id AM LCOHOS 


wi ¢ ~ 19;0WIrIg © 


uoiBey uonsjdeqg 


yoejuog AyyoYyIS 


AGOIG AMLLOHOS 


E 


It JoRUD O/WYO 


of 
é 
i 
4 


[9661 ‘Te 32 amor) 


__ Queroyje % €) Jo[d1y Wo1 ZHD 008 ie MT OSC — 1) Proved 


[S661 [8 30 AinypnoyD] 
%L-~ AOUsIolye 
‘MUI £°Q JO ndjyno Jafdiy, ZO OZZ «= TSDTASP JBULTY 


[0661 YosyoIIg] YG ~ 
Aoustoyje *Indjno ZHD O8p MUL'O ‘ndul ZH 09] “SIS|aN], 


LO661 YosysIIq] % OZ 
~ AQUSIOIJJS jndjno ZHH OZE MUp {yndur zYH OO TSISTGHOG 


SHUN AONVATOAWAd 
Ya PIdI CIAW AWLLOHOS 


‘SOUBUIOJIOd 0} JO}OR} SUNT] syuasoidos ATqeqoid (¢) 
9189 YIM PosIUTUIL oq ued (7) 
WN JusTBAINbs Ul SUII9} MoU - s}JOaJJo ,OSpa, 0} spay (]) “ALON 
uoTBINjes AWOOJOA UOIDITO 0} poyejol s}OoIyq (¢) 


(soAvjide ur) sadueuoses euuseyd 0} poyejel s}oojjJq (Z) 


"SSOUYoIyy 
uonsdep ‘sseuyoiy) JoAejida ‘snipel opoue jo ozis ul Ayseytg (7) 


‘Jueyoduit oq ABU sjoojjJo Mou ‘sarouanbadj Z}JeYye101 1V 


(1) NOLLVUadO 
4HL XOX NOIWAG-YHAVT AO NOLLVSINILdO 


H6'e = ()D 
OS = Sy ‘we [7 = weg ful 97-9 = ‘wo OL x eZ = PN] 89 
YSII souROedeo Jos 0} OZIS OpouR asoOYyd Udy], - 


[y(N 8A + 8A) 20 Mm yg 


N) 2» “8A] 
(‘4A) uMOpyealg ploae 0} Jsnf Aysuop Buidop ssooyo usy],—- 
a8v}]0A patdde saneSau ysou ye (y}Bua] UoNs|dap) A ~ !4% Joyew oy AI] - 
mine A ~ My ym amg - 
(syep ul sul Oo, XZ ~) A Aq pay paads ,juory, = - 
suoige1 pajojdapun pur pajyojdap usamjoqg , UO, @ JO eopy- 


(7) NOLLVWAdO 
7HL Od NOISAC WAAVI AO NOLLVSINILdO 


SYO9 ONILVY INSNI-IN3S 
SYOD ONILY INSNI-IW3S {i 


Wy a iis 33¥44NS 
s00H1y 97 a 


csununour 

dijo-dijj) Jeaowss oyersqns Jo (9 JaMoy) JaXey, dojys-yojo ‘spouueyo 
yim ooueyoedes ped-ped pue (ezis) ooueyoedeo-1esuly sonpoy @ 
UOHeIsaIUT 0} oJeLIdoIdde ASojouyse) JeUL[g @ 


JOBJUOS ~- JOYSIYAA URY] JSNGO] sIO| @ 


SUAVIdILTNW AT LLOHOS-UVNV Td 


ZHD66 J MSZ T Jo Jomod 


yndjno ‘zHHOST = o°y' Zunoz Xp ‘ABIIE DOIASP OOOE £66] [2 3° NYY Ba 


‘Aouonbery JyO-ynd 


gsvoIOUl pue SuI[pueYy JaMmod sAOIdUII 0} SadIMap payovIs JO \doou0D @ 


Jomod yndyno poyuty ‘solAop ]jews ~ 


“I4- jreurs poou ‘Aouanbesy jjO-yno odIe] UIe}Qo OL @ 


‘UMOPYROIg ByouRpeAe :Sulypuey 


-Jomod 0} 10}ORJ SUNIWITT | 


AO 3 UIPIM JUopucdap-o3eJOA 
‘apis 9U0 Jv UOIde1 UOHoIdogq @ 


‘Suissed 
SUOI}OI]O SJUSADId ‘JoLUIEg 


(SVEDTV) UM SyIOM Dd1A0q @ 


"IO[pt suo AjUO psou ‘x¢ Bo 


‘:poyesioues soruoulley ppo AUD @® 


AD oljeururAs 


‘AJ OLOWIUIASTUR JIM 9IAIG @ 


Add 


AGO GAMOVLS FHL 


gyejsqns wou BJBIISGHS 
5-99, 01xS:s¥e5 YOOOO! 1ayjng 
5-W9, 01 XZ:SVED YOOOr uojjeideg 


(pedopun):syed yos 
(pedopun):syeply your ube wiieeeey Joiied 
(pedopun):syey yos 


5-9, ,OLXe:SVED YOO0r uo}ejdeq 
5-19, OLX G:SVED YOOOP youjuoo doy 
A 
Pe Or 09 0 Oc- OF- O09- 
0€- 
Oe 0c- 
Ol- 
Ov 
= 3° 
mi 0 > 
on ot 
0g 0c 
0€ 
00} 


(Mts XP ay271=99 


quae Pauley 


cy + FH 274 29524" 


aumaujsorgy+ 92K | MD ‘saSeyJOA UMOPYReIG 


Guerin SUOIWIOY}) WYSIOY JsLIIeqg -SUOBIOpISUOZ VOLOYD [elIo}e] @ 


cu 


‘yuormMo oseosour Aew yng ‘*’'s sosvoioul Suldop JoLueg © 
UNE) Ja]JVUIS x0 
suoiges uole[dep Jopim S*°"> 1933Iq ss9SvOIOUI YIPIM JoLeg @ 


“MO] JU9LIND solAop dooy pue “y OSTWIUTW 0} UIe OS|Y @ 
6-7~ UM OPD Joy vorwordyynuy 
jSoq SOJBOIPUI sisATeUue :BuIMS soULWTORdeD poos sonpold 0} SI WIY @ 


SOISAHd AOIANG WILLIT V ‘AO FHL 


sq.Ludqd 
GNV SHOLOVUVA WAIWUVA WOALNVNO - 
SHOUNOS GAIIdLLINW - AONANOAW 


Sls ure 2 
SADXIU ¥ 
SAdTdy[nu 2% 
 $10}99}0P x 
SddINOS % 
“2 Pd OM SUIDJSAS IIMO.13IIII 1047 


SINANAYINOAN 
WALSAS ZLUAHVUAL 


(dnoin siowyeyD) MW Qp-O¢ 19Mmod jndur ‘y [ 
~ AOUsloyye :ZHD LOZ ye Jo] dij 10J aq 0} Jvodde vjep yuodeI JsOPT @ 


uoneordde sty) 10} poiojie} oq ued soNnsiojovIeYyo oINeWUWAS HUY @ ~ 


409 
Joyeq A[qeqoid (AHA 10) AGO :eolAep siyy UO MOU AJANOR OVIT @ 


s1atTdy[nA SV SAGO 


SNOISNTONOD. 


*UId}SAS 
pesnayjdo ue ul ,S10pVIBA 9.1N{IN.IVSO19}J9FT  ~payIvIjIC,, 
10} pajripasd ZY) OBI pue %Sp < pue MUI OZ 0) dn © 


: (S661 IB 32 UoURsIEY) 
ADJUIIJI UOISIBAUOD %8/"0 ‘ZH ZLT 3®@ MU TO =~ 
(SX) DNITANININO AONANOANA 


(0661 18 32 S1IQPAY) ZHD OTE 18 %7'O 0} UMOp yng 
AJUIIIYJI UOISIIAUOD %S ‘ZF SZ7Z LV MUI ~ 
(€X) ONITAIL AONSNOA 


(AGO) SHCOIG YOLOVAVA WARLAVA 
WAINVQO HO FAONVWAOANAd 


. 


O'T wuny parydyynur qyrad [je 
AdO 
—aLladd 
saporp Ay04IS 


‘SUAXTAN 


YO Alqeqoad jnqg waaojd 494 JON 
SOpoig AsLLIvg oqnog pue ssuIs 


MO - Seporg Ayx}0YIS 


SUOLIALAG 


poyouys Aypersodso - 
poos syoo, AdO 


‘SUAVTd DTN 


Z)0q Jsog “wonevsydyynu pue suuny 
{ACP dU} SARS SIY} P[Noo s4asEy pueqqns-193U] 


‘JOMOd UI SULOP] (GQ .LUAd 


‘Jomod MOT AIOA NG pororpoad ZHD 008 -.LINGH 


uoIssiusued} ooeds soy pue duind OT 
ISUBA IY} SSOIIG AAW ~ PION *SAOUNIOS 


aN 
qyeg Jo Ayiszaaray) 
saisAqg JO JOOWIS 


ulM0ID FN 

kq | | | 
{sioyydwue WASVT GNVAGNS-WALNI 
SAI AYN] puv ssaxipy jaemod Moy - sioyydure uoysaH01 CIA 
é7HD 008 03 dn SLINWGH 


: WALT AV 


i eae 
yrrepisnn Aye 5) vor yamedagr sm 
AL (9T) pvewbany aperpemrayn, my paie> 
6 MF Covey mpeg 
814) uw Spy “sowonbouy bwiaryjo amy 

Ty wer reyo Sryowmbot 3¥ symawm ~prompurd 
soy minop MHP fe Greve) -wow oy) + 2x04) 


c/ J [Am —Fm) J 509 “AAT 4 
[7.C 7+ $m) ] 509 ee 


NACE * 
(1""m2) @ °% + (y%e2) A+ Sav fn fe -L 
— sari Molsswdx9 SL ban pwnd x9 
| Gis a + (3°) ®) az ) \ = ae 


— FS! WINop “ ws » a bs ams ak 


ale il ws 
(3° ) 50) °th ne (3° )o) ‘ = \ 


~: hy mand ahojjar h)ddo a hoor asedd wo 


pune “i wre “a') * poifap ™v) wonls  v FOpisN 
ba Tyee ws 0 ype hy! vows) - wom hve 


caess O'S OP LO |e Ww ve 2y)4 ses a brig 


° (071) 240) )2 250) fort 
N wart you Sis pajv7ema b hye20) Yra2y Vv “yin } 
(maxi 0) bw: wag hy yokes v F he wonbouy ™ 
erp Ss Ss) 22artWh w ye as ial i 


SIIIN'IA, DISH 


SI BXIN BAYMOI>IW 


pbs ee a MSE asoyd // apryrytro “+e 


i 
=e Ue) womes = =6payp+ew OW Ay 
ype rape pedro TL TL py 399 


Pay7 eww S1sOp qied- amy Loven vy mom Pop sw) 

© wea yp fe oad pm apy oe oe 
7 yay . ‘Sw o~\ : S$ i 

“FEP!™ puny yom oe) Prono Bs “Hy Furpieryp at ad sv Pt ha 3) at (4 m7) Se) $v pens 


hy) wmpwroderay wv pawSussy ay wD rem : aaliss bosambayy wim ye Spr yr oe | 
aye Leys wo b yrwrewcdnoy (nw mj [assy Cro 01 4 1)dwnv Pogson 4D PL ° pmxm “HE 
Arya hoa wafay 7 @}10))3S0 Tree] ve sours 4 


Ly ~ al 7 sho) rng ym Oo) nap v os! 20x) 4p 2, a 
amie be rae $i ea 5! 
¥ yprim pay +imn rod ren og esi had Pend ~ | in 
}0204 


| LL wryperoedney Fe ey iaey PEP Ae YT, 


| yo aT 
"4 5507 crosyanNoD ML pro NN) ayMLWIBdWIL JL yeubis 
; . day 47 JOR Jaxaidi¢ 
3S0fV ~ we JexrxiIw ~~ lp 3) wove Jf Jod “4H 
BS/ADLIvS WV AF pron $2. 7om Wd am¢ WL ee 


= buisn he a ie ov hip ry 2 ISA " i 


+50 vio! Va" M0) yu pnye robe) “PSI 0(\ SOA) 


h: | | oe g 


reyentinay yooushyd ey my you ow 


| payom so3s92@0- VTlay 
~~ Oe rpwrdap - sod Wy  ry4yp l, 


3 | 


y) — a *o 
‘>! porn bey a v! SAU OV OMI uy} $s) yo frp 
s) yo d- aon wy Je wera as) Ly 


wari’ mm s) pen ™L ef Panes | yop pemad Bae 


—: jd am 
$5391 35/0fV yrapermnle vw oO zwar}n a pouipp 
S| poder; ™} +0 Ayniyydgwal asidfN mL 


4 


(1+ 2b Dy = gd 

oy Ly FP}! 

ped cee my fm peporwoh anon wy smd 
h pod acy wg lp rol mg Iq posyds gym 
yh payereh ase my sy pom 
of pNmyry Yppimpamy yr Jad e104 my 


2 
WL 


a 
“2 
= 


——r 


ma Te 
Lndino Lng! 
yxy way eet 2% * 7% 2 
[eso ]Tq = LY 

_ —somy tp Seis 5) por AE Opn raened 
m0092 = (/-orJenz Inq means wemyembway rim my (vey rruyy wy emrmes otra 
osm rym gpor » »ebz ye “Ba POylppe wm we wey wus ) BL reper ye 
Ws © wungsw yoopermbs wy wb ‘y 
1 YI pray oy wee pry | svapsisan fe 
pongo Je pep oy mpeg | 
wn“ rnamMoy P+ LOY Oy war il “a 
yor) ry oye) Aened asiow yaya YE wel 

; yenvate ww Lydia sy pred ant om) FT 


Prey rove ang p TeX wytms “HL ay benare yoy 


sapouvielt Y wnyers we) 2510 ( 


rpersiapis: ya) 
ap povbisso 


BsI0OmM Pei) 


pur) opis avg 
aj po Sissy 
aSlou JAsr'n WV 


| | 
7 
ye fe yey eo mo gy PRIM WY 
— payerorob 2510 OH Sissy aw op — ~nayshs 
, Jp oyemberey one ay fp voytpe 
Tye azejdner pony pro ove Spe 4 


rr PS 


| csr pls yd 


o/ 


[ perm buray Sy Js > iw —y o7 Ov) “oO Spuotey 
abou MHL PHM pro yews HS! rey ] 


IY 


Sp) ops obow) pre yous 


“YL 
rey Pmd pT ME fe pony ssed my ry 

Wet Pre 0-7 MBE tM sapevombny yon 
mped ion yoryon Spang yrrdny amy e204 | 


peyeo aL 


tage $5 o4) +e YPM pu < ty 


pw ry ss vd ‘dwe 
gc pp hewmbay mypey s F 


: 
a a 
3 


howombart JOpwI}!2SQ yer04 


sepabey ogg epost by ma % pM 
co mempye pe Thom srg wes pele RT 
yw) Pett wo JL Ay bnenoy) ey cprrsodhyy 
ass!shs ) 


+z, Mt ok ass, e 


‘ 


—-; S80) Mareen y) ™) ls SW} ™“) 10 


x 
D192 - [+b (ae) 4 Y2yar mh 


— i wrayshs gp |p wrrparchnos yen pwoypss 
rybuis wy conrb rexym wy [e pop ™ 
yee apraswag smemiog — by bmpintp pw 
mop? worms TY of cmp mim wy bay 


ey 5 ae a a y 
i fy want S| 


dONF |] dong io ew i wy da pomod TSIM = i 


“e/. 


(dry 23!:0N YSS hen ) 


hy wee nyo 
sop orerving) = payers sy wwrof ovr) 


Apes  4ryvyrXa  srerM Sow yoy YT 


Fox \wByTpP'S MMT ML ry 
' Sd9b) Yr Mi DAs wy st Jexim 


yoyoruol a8} yew to a) ooulg ; L202) 


i] 


wes TY) yeh cy bo) Dh als ikg ML he + 
wyerodnay ~ayshs ry op woh ji 8} 


2) cY 
Mop jh 
a ae co 


| 
| 
prey ey 
} 
| 
| 
| 


2 $y neil 
sy tap owas wo wy KY BP pony 
youn Sp myerdwney xno bry m4 shs v 

fy wmpered nay yaa worm wip omy 
vegemtag vb potunponyy wy wea pro wera 
expeswry we qevbit a py awoldyy — “L 


on 


my worebg) 
web o wn pra) Zoned -sypayy 
Merivis Typ Sowrws94?p + eat) 


; pada | 


“pray 0d wn) 
nya a1 way shs $! by : Nonsand 
wrypwrad naj HOY Doz day 43°F 


SSO) Moleanug) AEX, 
wn gordna y HOLY AoX + VOYPa4 
Tm Gn pryemivnyy 5: ww pwnd ap “281QNv 


war ths oy) OY) wT am sworsurad art HM 


. ne 
Spryerop 0 wro WY) a — IsXiw 
YL Pre wees my Moemyay sat 1) domo - aid 
wy FL yore wey TF oop 
~ xin age je pe yim wm zoweydye oy 
Jo sso mm popmow tomy Tommy! aN | 


ow Ss! 


eI 


——" (21914 9y 
——— =i nag oni 


EE ae a a 
ews prepay 2) gp amp Jornal 
ae AEE As. Sy Ser BH eS 
| pry a hnoye war ye 

Wom Vv nage sv ' papa s) rapoyge 3d wie TL 


| iad ee > | Ney 


spbegpernee wy ef prrribwer gyms beau op 
ae mye peep payed beers cree aay 
Sy 813192 a Mer Ssiwiswoy Qin yryered ™L 


+i 


~ gow pnb f 


pre Se) MOI SSM Swnoy bunwn ug svop, fl 


aid ° doyorap Qt, pow wy Lwnpoa ovd awe 5 


pay? 7? 

Semypersdmay 230M rer OY 

wo mew Pes 2” @D oe! ™ ©! 
' aoe sane a Qu joys 
yw mee Ds aaa a (| 


° $30) Mol UW “oO? 


yr syoupprdw) yd no pre yaw 


Jexw Wy) shy ay pou ref sed 


“ry s! 3)1S™ vv yrs ems 


sish)owv JYND soe) — ww buon 


yriwsaep Ao 2a)%))!>5(— ye79 


™) apoig 4, wi ‘parva 


_: sareys aan ™ 
syoooud Fa Xx! Ww po!) .s) T? sith) oun a 


4) 


ADOSHL y2xXiw 300! 


) 


_— + amps} on 2 prow 0 ») wD OEY a 
Dees gH” 1A prs: en ger 


SAIN ZN 


S! ma 


“onne(e hone: 
LAO ME A 
7722 ~prypambs 


— > oy +" Wy DAVYSS5 ™!) “oO! 53) SJ) 


yennla we paw yo 4 cry om h i 


rms my Sy pmwpeld py 
bays 1 pybp my YY eins ~ym OY hy 
erperiey Pa po powpud abayan wy ! omy 
a 
pom y =A wpe Sar te fps aay 


bi 


"Zz mwmaprhy, pre ype 
TUTE, oy TY HO) wm?) MOlSS)SWON ™} 31 


v : 


°F 
—} 3! 


wenger 
>} Yovse ign ™ a aie mH SU ay sH 


a 


spa) %  ypn§ 


qver? ~% 


ogi sip sapere b 
ramp YO ow by wom bay} yexsp vo ‘wn | 
spre yey years ye owner 
veya ranme ra bao phorpowm |p mmm 
shaw wo sy may te fp omy ay oy bine 
beeporor Grom park recto beipoud 4 


“cpmpye ay pres Meg st my worssemswmy my 


é J 


7 a2 
* an vp. 7] ow Sl wry) “2 = ! Zz 
omppeden- TE aloes ‘Oo s¥y Ca we ey bag 


Ty, 


| & 2 SS3H ) FPS aypabow anp ope “Ht } 30} )):950 hie | J | | : 


Dery yap Ww rendu) AQ SPopom yy yoopen nbs 
Wort "Sy pow A? “We roy UE by | 


“a2 


prewejap 2) Sew cownprbn buppryeg 


ap wayssed yorpey “pho fl 
FPHSING 7 Ai rg b NYT 15 722 1shnd 


yl wodr spurdaye (Co) 2b mmpen mL 


27 

w a 

aA = () Zz 

ul | 
ee’ ee 
ee OAM sy abajo pay lde my FT 
gent 

p27? 0) sum spo!yp oS wow = Speulwro, 
my ayy) mo} ay ry ayy SasSnwvD as hd | iil ™ T 
"ye “ard  yowSis ‘G5 45a 7M) +e 


bo wom bony MM 49 94%] )!250 Ay))!250 bray ™L 


dv = Lay 2) 


by om bow fox) yey 


—— 


a i See 


7 avud) 
wn op7'!pP 
eg 


of 


‘ a] | aay Ps a aaa ae 
. 
: 


2. 


cere 70) . 


mul 


>. 


blak a Z = (7) Ea ( 


—* Twa bed as | 


sw a yr ‘A sswdxa a+ S! d,s wy ™L 


2 pot bus | 
Fe 
Q 
()2 
ve. — —. i 


. —: 'Q°7 


Oy wom any i tad | ta 1 hee | my C 


! sper | happy | 
J 


¥ (0)*y 
Sle ea ad 7 le wy bake 


(YZ ~:'3¢ 


aa Dew ™L 
sprasande ypoiy™ ya ad Ade be wo pr 3( . 
=e Mage) | APRN 93 ye iA 


o d0~> 


YWYIDIID ui wn 
{ pe! PPE) batt 


vl) OP iSwo? Bad del MONO ~oM 


bene 
HL pee pip ye OP 407 
MO aati oe. ™y 7). 


amb iuyp a | owe) og J} wow vit y e° 


POPPYPIPS 70 


rat by opp mp po pempad sm) arm 
 Micesahen phi 2 bojjan my) See se)" % 


SHATYNE ANIIS Boy 


a + ae 


| OE fe MRO PO a OE 
reno yr ye +” ym be >) P)nens Ran pee Mg ssn sad} Cy row brown wo wm rmpayy~t} Men wy 
te Dep ope hh pee eye bh mrerrg yay poo poy fe PPM PHL 
rweypare you pmo aby ope oP Py HH 
Sep so sealouy amowrog mpp e yt oom cpaeyoabe 8 


vi no pal ~,) wy v1 mode Peisv + (>) P) yuo 
“ weg) prays plow vt gry ye 
| (+) " a fs sae Sa ¥ 9940) ol aN om 7 


(heyre) “2 
yom) yr jp pwrpabn usvepemp my 7} | ion s 
aii 3 | Pinoy (“)"y + (yY°2 ~ “PA — | 
iota a | | 
_ = Ca © 
0-74 (2 + (+) Zz = : Pr | 
| | BS da | | 
eee ee ok 4 le 


oy Sr - s ae Q fo ° _ M 
| Poy eT rao a} Vivo Ss] oa) ee aay Sm ac (°) J (°) PA A . 


aera bw ppoyns e. yw ( paca separ _ a I MA i id ses Pn ™p ms 
4. QM Mr prawn 3! Pa = Y i A men ua 3am ara) yrnypon no. yy} mol 4 


$20: | a 42 


(72 (¢)*2 Px 
el ic 
iP, SO ae ae 


abot) an ~ py 


om 


rm sso OM Le wy boy 


pevide pre yreomm sy yen my 07} tH 


£2 


gomeb Pay “Zz peoy 


“ree pop aif 
papyw w (ny 


prides pre peor s: Py MM 9-3 ¥ 


a Fares Gy woryeprpo ey ~iboy 2H 
9) = ye Ft i de (7+>) ? . 7 (0 => ) } pw 
(G=x) N= (eA 


bee “ap hrwrspemaw 


by rmgrorrms re Soyo! wo S) UM pi i acai 


MO JFsres wot _— ww 


/ 


™L boy ympee Moysed 


°o 


z 


como SMe yy a 


froma my 
mr 


“0 si % wor 


ewig @- 64 + 6 
(DA + (XD) = Co (9 
~: by wrnib wD ah 


vostommnny wy vo prov po obi py} my 


92 


’) 20%] = hylan 
ney eh pe mye 
abun yo wrro wy no} arog Pus 93 
£0. yomas 4 “rejna wr am @pwo 3 (9) hanye¢ 
ee A j MOISS IMS MON wy 49 “avom bone 


Te ee emt He alii OI 


ote wow ban ‘0-4 er le 5210 m roy paybm 


Pw w | om yr ry” “swap Yyn-~0 
pun 2 bey) ar UPt} jo oy / Tym } 450 lease | 
| vv bwwib _—m poyorbay >) we 
7 mal a TIYSUBIIAYO ~ wpE ») ™ bore 


—" 
=) le "wen 1 F fap 


is! 4fes!> ags18 ray “wor ponba yys yh oor 


be 


21% Peary omy fe roy my) >on “Re 


—73! Miomnoyp Wn 1+ ™y vi MIND pop nlal 
MI me sssIm SHON Ty by opel he. 
SSO/ D0 pay Ss) ~“m) bis has myly 


don ( » % (7 J 


3 
eae eee eee ee ee Ae 


. 


‘wy | obey So Ty ay ony ay 


fin? + (894 “2 | a 
°2 A 


‘32 


2+72 
[ map ren. ‘2 ‘¢-72 ae : 


(9) "2 yw ‘2+ i zZ 


ee a Ae 
Wy) PE eo Ly § — (a)) “9! vb | . ’ — | | 

Pes ee hee —:by maerG % s2imomron wy |p yoo oy 

k | | i pe ifpo Mou?) pov yD " eymin aed eae 


WY) 2 (7 ne. LHI fe yes com ov benpemab sony 
eo Bde | fad ") ' ‘y ra “svap Mh. wordy 


Ne yh 2Crw | Geppageng bempwlmaic op. apemwe 'onp 


Ad 
>) | & | a n+p 5)? So 
| Cro Ag)Z rs a | 
Vy 4 | 72 f$ o=y o " 4) a v4 ba 
(279 = - po ma ee 
; ; conor a) 


SI! nome yl le “Pp va re vollndye _vrepen vn mbs 


a ee AP Megs See 
| or 5 ia op oe prk ay poshyouis pany ™ cry wn m | 


ore rh ref rs! yrryen be on ay | 


Ly, 
(A) T 4% = ( 
| yy, 
442° A = 
Ae 
YAY 
PT p = % 32 LI WpuN a ae 
eee) Oe «7 
142 ee wre aa 
| Nb . 
Ops'jo “9-¢ my) SDS Yo}? wrod ion » ™I wat 


bwaeaans 


3d0 iq AIS MIILN] 


— (Dn 

el opr yew 

Swrpoovm abay)en yoo rare al yrermnyay 
wey een sis by ove peulis aby p) my) wa 4 


ypue (7) re a c7q~u om 


STSAW ny TNS TNS 
te 


Megyrges may gh spreads oy ope) a 
awe (9) 0 yo (4) a _—— pewre 


'Y 


Y = 


ny 

, 

~! 

1 
. od 


ae Oe 22 ; 


0°79 so Poly sayy 3) 


Pe 
)<v (#)y - + («)? Zz = 
RS: coro em roy} : 
OE ee Pry syes 8 (5) vorrmas 


paper 31 aenpo oud a 


"39 2N25z I NNOD _ YIANOD 


tc 


M 
[ 


are payvmab 5 abuy jor pyu SyMo20) —— 


Yorkie petidly — 


— + MOY yo] PAYS” )). fara uon bau brow 

ye payermab aI 50 bu jar ye Syne 
perp prbwnd ~ a parade S 1 yous v wy™ 

| WIRIH TyVdIsS THINS 


SSDNA 


(=) pyro (z) soya On vie 
yo wag) 210d) pvy Bowie} IVP MY) bw fron awit yn 
Yr moder vm! | wo SD SOV) = —spoypP virtue 


| TyL Verse Games . ruts oy. Sv i 3 <} : 


Se 


9 bas me = (3) 


—; way }20ilv> wpe aitcon omy 
a4} syne wo om™M sish wu yous aby ™y} 
yuo say redosd Ops) p june my} Nor} | Ls) wn 


é) 3% 


b= Bp se (9b ae Spon 
_* | wey 
3) etal "bh g . ab 
—SaNW yeNeY x gre? ee (ab -syadag 


wervn durd gy wp fp povel my 
YM Dypoved my ym 6 yy Crem om sy 
“(pb meray 


er a), =e ee mae | 
(, si Leal Moron? ~e SI YA Oa 


“uv 


Ag 


|¢+ wikhe “A Ps 2 @ --. 4 =¥ (ont dnt? “N | (s 
ear "f [ ae a PTY Comet) a + 
fv sa pl A d } (9-9 v) f ‘ v , oe las av) VP oe) rabapar ai 


= el puogep.'s reddn mm) (wospaye yesoyd “Tt 
On =e ™ 
gC Rs A y= Son om+tto 
mm 


aaah SME Me 
a 


v fe 
Jg- Siig _ i am ~ oo ) =¥ sae he b 
| oe -)=ew (2 Por) f 
— aun 109 ene (e-)") hem - “3h. b ead ma a prmagrp 2uvy ce 


a™ ¢ sda ood ” 
{mde oie | Tym sproyepes 204%) at 


| ee were = seme ef mo ry ahoy wy drab wm om | 

Coda? A Be me OP —] i 
_— wo sabnyag yy way otioo Pep,ssve) any yp boy yre roy) oye? perp 
phon ney | Mogpribaders pre yyw pebard My) srowobosy basin yobs ypoms ” 
wer wm PY Crsoyd 24) burried he ™) pao we emo wonbou4 yor poo amp ~ el 


es of 


| “od J OULG hwo) = 


erseouobay bru fe ype 
vay perce oad om ye gm elim 

™ | Prroy, my wD UMP yodand m1 
TPH wom PY 


‘wohares wi bs 
apr mh gy papebelaer agony “Tope 


o“T 
(Sour) f 7 


oe 12 Hrs “WI? 
”) 2 Bee eet mpeye ™) Sem me 


be 


= 
401 WI MG ) mL 


aaa gs} ™ fa, 
—o eo nd ot i 


oe Oe om F = Vp V 
Cove ty f aN 
pt We TR eb pe cm ey 
ow, K0 
eek oe =Vyu 
(Ae ut) 0 a 
bo amonay (4) Mpowito 
wey, nye 4 syn BPS AMO) 
Gu iP) | | ) * 
Aypuk valam ry mip mr om 
aM 
(‘rw Pe) | x 
| Yuerya4n resend 
Ion FD Pi ” 5 : 
Be 


Swe WYR™ 


— pro snp npn ™ ly SLVZNGGN nN oD 


ap =e 
ne A " 
waaay ye Dp woth mre wh a = 
oy | rau 
= : V-w vw % | 
Y >(tew+ mw)! + h = A | | 
7 ; ea a oe z 
° a ily “<— ” 4 -: =~ ok “x k Ee | = = 
A |e spromdener mg) pou ays voy oe 
| “XIDLN — FONYLLING} | , | | 
FN | | se 0 
OISZANNGL a))~e> 8) x+y MLL A 
comsonnas mr 31 A MW Lt) ag " 
a he oe 
a) Bs reer: re malt + MA se =r —- morponba | x 1QU-¥ NW _-) 
= ) ipo YP) Q) DisMinul 3 , 
Oy wath lp me ' bayua po ~ me 
7 de oy wi ¥a 
my prea sy reyjo wy of patdo sebepar |p 
1 ae I H 
yt wpe 390 DY pre pms pre ; P 
Sw vio js Toy win 7! mm * w PSpiswo) 
(N aped 4f/ous Ot wom Rad Dd wr Xo »Y } 06 aL poo ou mn aeywid 


= 40K) 2 
ov 


) = | ) 
sy am ae = +L =r ih 


bry vasth | 
N 
$i 25 pn sy ybnarn, oe 


Ah = T 
hfe woymbp rp wey 


» oo Pare ™} ids \A Pr bk 
: Bb ° ope) ’ : . 
yewobys p nie ne syr0d Feyy9 "“y \) 
“_—s a ial Be "Cold 
ra fe) pod yy i } 
poyrow no MY} Reesajs Mo '$.490 Viy) Foe ay bam, 
weproy), ‘ so 
eee ee Ora ee “ee a 


ANJOMLIN 


; T goed J dprsvy fea 


oP 


| 200y) 
- 50 Pov? WM oF 
apelp PisMiywy wy re} 


\ od > * ao 
POry™ auvanaoy MY Je see yy | aN 


HO MSN qarnanyny 


—ssped my py jaye 
Bpremyw bv opayomna mH yon ‘y mwa, 5S: 


av ainanbny mm 
bur pvads yp ben yor Y) hy ( 


ae 
ee a Ee 


ay 
NIOMLIOWN. CALNaW ony | 


‘a 


<i ped any Spee yrrf 


wapryy 8) prong wp — Propel \ sped om) 


| Gyno WL eo 74). °™ © wow bay ? P2Pwn Xo T 
Sr My) yo (“+4 ) Ivy Cwethoys ype ty 
Pgh af ibn J) ysis ™)- ~~} a penygsy oom aa 

550) orang? “OY4) ms way 7 WD om 
iz moe} x IY OQONY ASA WW! cwolsp2ANO) 
CT2ainaw ony ™) 9 i K| = iz wy 

| )- _ 


| _ 7 
) | i |= V 


omni b (3) vonyonba br 


"et 


Le 


i Hem! My) N pss 
Y ; 
pa ene) a 
NA At 
v ! Vv 
— Wht WV) ~~ 


pass hey 


iil | “— "7 = ‘prob a 


. coc ~ ¥ 
(IL OE ay ory 


SuIMorry), WN WD am () Hq ) vps yd mE C—O 


| Aly +3} m 
D) (“2) 9 jtitar 2 * "1 
—romna) erp. (ai) waryotbo by 


CD) wy Tent > os 


pP 
fag lyf % sail 
wank 5) 25 Qf pron jap nid storme om ML 
| bs os. 
a= 2 
" go 
-shy wan: S 5) -* yGrary, benny, yond ~~] 
Sy AQ 
h: vi = baw 


ay lie Nea s) veya por 
wy “2z carry ommdde vpryy ae mL 
2 ~ SP 
syd royo po dw 
et ae womyy beens — (6) worth oy 
 pomyee paprowbmo wy Jy) yed am 
yavm eo bmpolw lm exim mp ayx2 >yy 


te 


[Ja fe dy lel + 

_|*y +222 | lat ae | = “| 

. aioe 

mp My re a ae Ga yore (0 bee 

¥%) JL ML af yevarsyep root) wg on 
yeriesy mses my way —rypepyane aimed op 
MA pemifyp mm sp cay vererewnn OY) 
Lele 3 


2fvt"l itl Ts ia 


Zt 
a 


=) 
‘ee 


7 y+) 1 (yr?2) 


PHS 


b+ 


('Sy+ 2) x 


Pass Ty Jas = 
— 31 Pou Pp oy prroeap Pmey 


(y+ 2) T° 


ey ae 


—-:S) pee) yyy WL. 55V 90 a “™L 


evs yerypay %4. wot] JIGYTUYAY Print ™L 


5 


q 7 
| Ny 
~|IN 
: e = | 
| = 
| > = 2 
a aS 
: We 
| + 
r : 
Sw 
EEE oe elle lee eee 


operat pdypo pw ep 
Se >F)ow amyl fo soy rtard wy? 7D yy 
ban porboi eee OV a) yr? 57 


x U4 )A4f “YN OWN) ewoprbee 


ns oy \ MO BYy92 ™) s) = 


at ee De = <ii%ae) > ME 
L* v | 
L'*2] 2 lal WA 
—— eS 7 $$ 
2lfar'2z) <{["as} > * + 


hs ied ei eT 

Lp d-rypardrnaj BsIOM Oyh “THe we. \Z wu onan 
pmptey errno vy fe abpajmmey 00" 4 
i Aten nid 
reambony ar oO) A Pr jan Ss) reed osig@ ad) Fe 

" WAOMLIW cqainan ny xf 


| IH 0S SLayy 


1S 


pe ee Blin Her ag 
/ 


*JOML3N 
bwqeaewg 


FY YL =o 


—-§! re 4) Le Lee LP) LNAWAIND 2 350N ™L | 
aaa mls 
ey or f v2 pismm re) amy Pg oy Gro Cpenoy) 


parse beppepes yh 
Fro ae Bwysisor Way Ble ewnrony | 
“Os 10M Mayne +4 
2 310M “I rey} eS wif?) 
wonpewl opp Ey 
Pe pee ee Pe 
rag. TOR 


-—"-wrer exw @ mM: a$/Ou Js BUINAC | 


SisktyNy asow 92AIN 


9S 


S300 WOLIWAyA YF > poof we Ope? 
fad Ay X)yssed Se wwe wwadoo 
prayonb way ab Gy pesimyjdo ay 
ny — V2XIW Ma) Yr Wey vas} 
D> p wayyy vr pron sopoig 


WAS! MDy) mw 
voryerna b aaa Viow ™L a a) 
wpere MyLfe “BIE Pedeo Pm) — we ry) 
ayn slrom)o prem 0p |Aiyrem we fer 
Zomomoy - pen wy) \p weap vdeo 20 
puxpmpuw) ser!|- won BL EY Yona 
Dy recy S Ms ony? swab > wom eH .. 


25 go) Y7upe wey eons Oy 
2H 4S~ Pes opi sad — yw rnos Awd “0. +e 
SSIMOW YY ro mab GL Opup Ars 
sy} Je Raat’ i aD | ° 


SJ2ID UMW AoNanosyd © 


Cs 


Om > soa, 
onus AS FV Sy LIP 


~| “yr ?2 | 


Futw Ay FY “Sy Ly 


Ue rep OF FD 


(sisbyomr uss abroy ™y- pili 


yp) vommo ) A a ele BoM RWI PMIW? pep “4 b 
yvoudmg Jonas My (4) oy) > u-wT fy” 


Me 
1g" ae Fe, 


i a ey, Tt 


Zs 


| 

‘Jo xiw ’ F 51shjome —wrbs Qa 
Jy ms wp rem mw - 2 
eae en 2S any. wy 4 


yaw)! yaad] ~“e le vydwn exe we 

3) sy | * JQ} Dovey $30) My 7 yy! 
Dmowry purses WH, 49 ony yawn 
yroay bys a) hd Q livesaa we ™ Cow 4. 


(phwosig rap! 2rmomwy eH TH 


I bn wa a1 hh> mir 1 Avw ™ Meivyrv ane e 


(a4 ena, 42¥ by voy rw 49 BSN} Je ~) ) 
| ayy 380d hypo tyro “NY e Q9| \o 
Sarovalriffe — . Svigry api?) ypus ov | 
IY) UGjIVAW/\ oy Be edd 
. lo 


nd : 
( J ) ho wars] f mo! Om uy) ~ awe 


pene 


PD “yo 1104 19 whoo Ter); —vQu bem 


Jataiijwru eo poy. wer07]/§ mM). we +1 ° 


sé 


Spe! YO XM we) v2 hw ~ do Trap ry) Cohid 
Sapo? YaLygyN avepvey an PEO mr See 


mona aj yboows pooh! xy jem como) 


Polvo) ab ™y , Moros Wn nm} mova ™) | 
hunni b — Sw ty SOI VA © Fea soho) 
Mo .49 dap ™) obey 50M) Vow MM) “MT 


dave 
h\ 


premey NI 
/ 

t 7 wna yp 

mae le Ay yhoo berrpwoy read =). 
buysmnvom Grporeg — primo ey pm 
YR enyals wn owns !> dw “By? ssad 
ad sy wb ei eSwG I@IsJany 

Joper poyereds oyV Saponp Fejrvsvy * 


t Aes 


ial gio 


yl ayy | Diwowy) Py +5| 
ne pe yo wy Jama 


SHINING). 209! “Wey | ures 

ompypeor pw room rondvo. Cyne | Beppo 
opel yp. erway p + or wa wed 
>ynow oy} Ty ve wrolby eG) 


4 


SAYS! 72 PW Povyp nen vdeo pur 
pemmyonpan -oporp wy. yuo (S2mowrog jo open 
Diy 10 Sev va > exvowo boy omy lo th 


yo cowoprda, berppe ng ery om rep 


Nn SSD mM sae rou 6) don ss ah, 
| | S40 yr Jen mowobry djroerd oe anv 
pe Sk ep cro wenboty my 


SishyNY | 22amg) LW 


(woe 0775 


+o" = Ron 


deo) om) gmp pay mporeny — 
| ope p | — Ss 


—spin bonne dvuned YL at 
$30) Mom VY we yranwd Q} 7a+)i4 —— +> 


9270L DIMOW Jey pr Bod |e * pap ome sav y fetta — & 
. om dyno OIMO ms Dy Diag ¢ — 7 


9g 


apinbanom dund bea ote tS 


PLL Maids — YIWiyL AMINGId 


[e2zyy 2) ~ Wy = B 
seas Dereon) S) bares sf mae 
[szy_/ZI 
Jo IT as 4 a | 
_ [ne 1% a 
| —:4n vant 1 y 


Bon wpe w> pom my % pap Pomad ye 


— 


Haq) IN TIN 


IN 


ity trad ly 


[eh a]ot 7% 
ithe. a 


81 app mg bq yryoscpe, rene) dmnd ny 


| ies ay ad BES fasted Ce neyes “2 ™mo aR Ad | ™ 


| ( f¢y 
oy ppepeme wh yr in it Sy 


¢€ AINF AVGSANL 


661 Alng ‘osnojnoy ‘AsopouyoeL ZHayeIa], UI SUONIONp Mou ayNIWsUT Aprys pooueApy : OLVN 


(ZH) Aousnbary 
00001 000¢ 000! o0¢ 001 
gl 
Izalaoal ouAposajay 
PATINPUCDO;OY g JO 
aH ' SIS NIN 
spolp Apuoyos 
5-01 
‘yonf stys wapfas sanbruysat 
OM] ay} pup SuIDWOp pas>ifill pup OIpos ay 
So papapsat aq ubd Kjjouoippsy joy uaanjaqg sromosoy ol g 
Say unargads ayi fo jaod siyy ‘sanbiuyoay anawonreds yorog-Aiqey oukpousiay = 
uou2ajap (juasayoout) jaaatp Kq 40 (uoNuoajap = aee sa 2 
wuasayoo) audposajay (-4adns) &q 4ayjia spor Apiouss $ 
‘syiguajaapm paspiful-sof pup asjowuyjnugns Ol 
jo = uounipot = Duausmwo.soaja —- azkyjoun 
0} SkDM J1SDQ OM] a adayy : Z 2ansty SLq put 
BIFWIRD JOPQUIOTOG 
zl 
1-93 
0€ ool O0€ 0001 000t 


(urr) Buspar AA 


> ANY sty} 0} PoyINs 1S9q 9q []IM S}USWNSUT sUAPOII}9y4 

0 ‘loigg-Auge,y ‘Bugis ‘uuojsuey sJ9NO,{ JOEY SUTULO}Ep PUA ‘ApIQeyeae Jo}jap pue Ajianisues pomnbas ‘o8e79A09 
pue uognjose: jeneds pue yenoeds ‘Aouonbay dulargsqo aoue}sul 310} BulA[OAUI ‘syjoopely, “afqissod Ayeo1sopouyse) 
SW0deq puke AJIANISUDS UE SSO1D YIOG SpoIpew Om} oY) Jey; WNQdedS of JO oBuUEI siya UT St pW Se ‘sNOoIAQgO skeweE 
OU SI sIZuaTOARM PoreyUI-Jey pue sTjouNypWgns ye uONHeodde uaais & OJ UOI}ap JOoNp JO sUAPOLa}ay JO VdIOYO By], 
‘SyuoWafe Avue yuoTeYOoUut Jo Surxefdnjnwu yeneds Jo penoeds Jajdus ayy Aq 398330 9q 

ued pusyceq ouAporsjoy oy) JO oseyueApe xo[dninur Aouenbay oyy ‘oujaseq pue out yenoeds op JOA09 []A Sased TeonoRId 
Ul YONA “ENPIMpueq JOAToIAl SNOSUEIURISUT aMUS oy] ozAyeuR suaISAS SUAPOIA}OY JO Sxa}QWIONEdS pudyoRQ LI, ‘pasn oq 
UED UONNOSAI JSOpOUl IPA srajTIy o[duuts ‘satuonbayy MoO] ye poutoysad si Adoosonseds ayy aoutg “(p “Z1y) pueq Aouanboy 
JIAO] ay} JO wm eds ay} suTeIqo YoryM JajausONseds (,,pusyoeq,,) aJeredes B pue ‘pueq oy) IYI UOTEULIOZUI FeNQoeds 
ay} SuLINe OYA GUO Jomo] & 0) AduoNbay 19U39 9UO WOY sorouenbay jo pueg Aouanbay ysiy e siziys Yorum ‘(pua 
-Juoy,, a) Joxtu: ouAporayay & : sued ayesodas OM) JO S}sisuOd Jaatoder ouAparayoy yeotdA; y ‘wrujoeds v ure}Q0 0} JO} 
uonodejopaid oy} JO BuTuUeSS BWOS ZuLTMbo ‘10)de}9p Jod jouueyo Aouonbaz auO sINSEIU SUIIISAS JUSIOYOOUT ‘sjUSUUTLSUT 
ULIOJSUBN JOLNO,; JO UONdsoxe oI UNA “UORSO}p s10Joq (¢ °31J) TeUTIS BUTUOOUT oY] UT SJUaUOdWOD ADUaNbeay JenpLArpul 
sunemdos Aq ouop oq 3snu Adodsoyseds ‘ouoye suojoyd yeusis 0] puodsal uoQs@)ap yaNp uO peseq SJUgWIRASUI 9DUTS 
“suojoyd [eNplaIput JO UONIe}ap JOAN ayy Sajqeus UOHIOJep JUaTaYOOUT UT AILATISUAS 

eseyd JO YOR] sy, ‘eomMOs ssiou eB Aq paonponuT uoIsIZoIduT 0) Juayeamba st si) { ssadoid uOIsIaAUOD oUApOIO;OY 
B ul uojoyd ouo Jopso JO AjulepoouR yUsUomseaU & sesned oseyd oy} SuIxt.y “o[diound ur yseoy je ‘UORIO}Ep 1OeNpP 


UY] DARISUGS BOW 9q JoAoU Wed UONOAp ouApOIo}oY Wey) SMoys ajdiouud Ajureyaoun yedtueysour wNgUENb ayy ‘Teusis . 


pepspp sy UI oseyd oY} JO UONSNAsp JO UONUTIEZ OY} ST UONIAIIpP Jo sodA] OM} OY) UdEMJaq DOUaJETIp PeJUOWEpUNy oy], 

“BUISSIOOId [BUBIS BIOZaq [EUBIS (CI) JO}ETTIOSO Fedo] 
OMLWOMOUOU JIQuIS PoreIoUEs & YIM ,surxtUL,, Aq (41) AouoNbaly oJeIpoUuLIOIUT JUSTUDAUOD JBMOT B O} POHAAUOd SI [eUsIS 
om (p “31J) uOQoa}ap auAparsjay ur ‘ Seazosuay) suOdJOYd feUsIs ay) 0} puodsar sIO}Saap oy) (¢ “31Z) UONOOIep joaNp uy 


SsmiajSAg W01N9930q eUApo1ZjI0H pue JIG 
> (281g) 108y SN JOeTJor Sanbruyoe) OA oy] pue sUTeWIOP PaeUI pue Orpel oy Se popreSau oq UeD ATTEUONIpEN Tey UIeMjoq 
seq] wngseds ay) jo wed siyz ‘sonbruyse) uonoajep Guazayoout) amp Aq JO (UONIO}ap JuaraYyOo) su<pauajey (-redns) 
Aq Joupe ‘sEIZuUIJOARM PaleBUl-wW] pue sHoulyrwuqns je uonerper opausewoys0j9 osATeue 0) SABA DISEG OM] BE BIOL 


STAVM YUALAWITTINANS YWOA SANOINHOAL NOILOALA - II 


966] Aing ‘asnojnoy ‘AsojouyseL, ZOYyLID] UT SUOQIONP Mou oNSUT APMIS poourApy : OLWN 


"uond10sqo 
apjngajoi Xq pasnv? Kpisout aso Suoisas paxrojq ayy (apninyp wy ¢T 10 OWN 8:3) Kojonsasqgo ausoqaw up fo apnyijp ayi 
woaf pup (anodoa 22}0M ajqoyidijaad fo uae [ Yiim uy |p jo Day DuND) ats pasog-punoss apnjiyjo-ys1y poos Kaa v wosf 

pasvsfut-svf puo aajautyjnagns ay} ut uoissnusuoa) Juuaydsouay : J aang1y 


(ZHD) Aouenbosy 


oor o0S2 0002 Oost b00T cos ° 
4 
pal 
s 
d 
e. 
5 
S) 

o00& 00Se 0002 Oost o00t 00S 0 
4 
i 
o 
= 3 
¥ 


‘ZHL Z| 01 da 3ut08 pue ZH 00S 18 SuUUTs9q B3eI9A09 Tenseds peorq VAvy Oj PoUsISop si LSU 
“* { spueq Aouonbay 
ZHO OS6 Pue OO ‘OOS Pue : 2D OSE pue CZE ‘007 UO SJUsWINASUT OM) BuTARY A[oId B SI ONVUdOS - UALSVW 
‘ZHL S°Z pur Z| 18 Spouueyo penudsod pur ZO Opo pur Opp ‘OTZ Je SIooWOIpeI YT pomMsryuos ANUaLMd st STW-SOF 
: ZHO OSS pure O8p ‘OZT 18 ‘sIjoWOIPEI seNN sey NICO * ZHD OSS Pue Y6p JO Safouonbayy ye srajyaworpes OM) Sey SYMS 
* AWOUONSY JO} (YSA/LS UL) sdooseyay, soedg paresuy-re.y au) pue 
AZQ[OWISOD 10} SYUROO-V AIANVS ‘Suoneasosgo Arejowios pue ArejouRld 10} YWLLASOW ‘Awouolay 10; (Y¥SG/ONVUdOS 
“YALSVW) 200z7O 103 AyWOMION ooydsouny. oy} Ul SessooOy_ JO UONBAIISGO JO}sUNT[IWGQNS 3y3 : ApMs g/Y 
oseyd Ul o7e SUOISSIW 1ayI0 MO-j * (YS VN/S IW-SO) Jepunog quiry saemorony wajsds SuTAIOsqG Ye pue ‘soanoof[qo 
Awouopy pue Awouonsy Buruiquios (OSs ‘enue eedg ysipoms) NIGO ‘CVSYN/SYMS) TVS AWoUOnsSy 
SABVAA-IDOWITIWGNS : SIZOWOIPEI VAP JOPOWTTIUIGNS ALeD JIM YORYM suotsstw soeds popuny som) ale aay 
> SOpTpoyes 
JO (SHNOD/SOVNOUd enbungumjnuqng sywouonsy,p jeuonen owuredolg “(OSs$) OOUd : suoopeq + WLOS pue 
(VSVN/OV) Alojearesgqo ouogiry Jodmyy : 1yelomTe opninye ysry wo spew oq Isnu Spueg pexjoods sAeM-IO}OUNTTTWIGQNS 
a UE SUOFBAIOSgO duoYydsojyeNS pue yeoTUIEYyIONse yIOgG (] “314) Ayoedo ouaydsouge ysIy 0} ond ‘samponAsS onoLes 
pue UONBULIO} Ie]s Mou ‘AHSIUIAYD Ie[[s}SISIUT JO BUTPURISIOPUN MO JOYLMY UCD YOTYAd SUOTSSIWO OUT] [eNeds suTEIUOS OSTY 
SUNBAl SARA -INJIUNTWUIGNs sy L “wWofqoId uONs|dep ouOzO [eqo]s oy} JO SuUO;UOW pue ZurpueysiapuN Mo oO} FeIoNIo se 
PIjGUIp! UI9Q SARY YIIYA SUONISUBT IWMI]OU VsOU opNhpour VsolL, ‘(s}owOS pure syauesd oy) uO pue) YUE uo AQsiwyS 
dueYydsouUHe UI PeATOAUT Se[Noaour Ady ayy WOIZ SUuOISSsIWD PeNIeds FeOTWUD OY} JO [Te Sossedwioous ueds Aouenbay siyy 
‘uMUAIeds SUsEWIONIE[O OY) JO SJUSWIaS YOU UOHBULOJUT 9A Palojdxe yseay 24) Sy JO oUO SjUsSoIdel ‘(WW [OQ = ¥) 
THL € 01 (Ww =) ZHL ¢'O duel Aouonbay yy duusA0d ‘pueg penoods ysuapoAeM JO}OWITIWIGNS oy 


NOILONGOUINI - I 


JIUDLY - SLO PIOSL - 2410IDALISGO,] ap anuaan [9 
SRUVd SNA ~ 9E€ SUNO VUN'WAINA ‘Sued ep ano}eA12sqO 
zeuaioug "fq pue ulpnesg ‘p 
&q 
SWGLSAS ZHAHVUUL AOA SUAATIOAA AO STVINAWVANNA 


9661 AINE ‘asnojnoy ‘ASojouysa], zAYyeIAT, UL SUOTOOMp Mou sINITISUT APMIS psouReAPY | OLWN 


‘amMpeJsdud] WOOL Je USAD SYIOM INQ ‘saoueuMOyIed wNUMdO 10; Y OE-9Z INOGe 0} Payoos oq IsnUI oporp AWIOYOS OY L, 
‘ZHL SZ Se ysty se satousnbay 

je AjIpear posn oq ued qt Yor Je JuIOd oy} OF AO;OUYD9} aporp-reuErd-Isenb sveM-JA}OUNT[IW UT WL-dY]-JO-o]e]s OY] oOURApE 
0} st yeos s0ofewl y “(ZE{H0S9 Ie oxi dHS “Idf) ZHL B puoddeg [Jam sorquanbay 0} a]qeyeos amMponys o1ydewoujoioyd 
veurjd jje ue YIM ‘unow apmsoacem oy] ‘juouodWOD poyeouqey Ayfeorueysour Sutureulol yseE oy Butoeydor 
pues Joynmy days auo Bur08 Jo [equojod oy) st yoeordde royey sy) 0} WyaUIq poppe UY “A[quiosse AJ duns pue Ainiqrxay 
osearout 0) Aqinond Joxtw ‘s98re, AypeorsAyd ‘Burureussx out WEA payesZajur oq Isnw Sporp au ‘ZETH OOO (2aoqge 10) 07 dn 
suonesydde 103 ‘puoses *ZHD OO M0[9q pesn AauNNOI MOU Seporp pEd|-wesg SU Oj JE[IWAS amos payersayut ‘appuey 
0} JoIses ‘a]qui[a1 o10W) & Aq poowjdal oq ISNUI BPOIP QwiodKauoYy JoRJUOD-IOYSIYM IY} ‘ISI ‘UBIsap JgJoWIOTpPeI juaIMd 
O1UT pajesodioour 0q ISMw Sasueyd Jofew OM] ‘spueg IPSuspeaem JOOWITIWIQHs pue Jo;OUITTFTU op MOYZNoNy suorsstus 
ooeds ay} JOJ SIQAIIIAI sUAPOIO}oy JO AjIqronposder pue Ajrpqeryor oy) aAdrdu pue 1sod ATQuiasse oy) ONpel 0) 19p10 UT 
* SOpOrp quiosAauoy 

JaLueg-AYYOYIS JOJMNPUOSUWIS-[eJOU PojdejUOD-JOysTyR YIM SIoxtul oTONs usdo Jo spindoaem Jo pasoduios useq savy 
osuex Aouonbay ZHL€ - ZHD OOl 2) Ul oS JO} SQ}QWIOIPEI suAPOIS}Oy PsfoosUMN jsaq 3tf SepEsop OM) ULY) BIOU 307 


sjuamidopaaap aporp AyWOQIg sIJ9NITTTIMAGNS 


*AIQBRUIT YEO FEITWOUONsSE 10} poddojaaep useq oARY SAPLIY “ZHLS'Z 
0) dn pakojdura yi0q are sargojouyse} Jaxru peondo-isend pue woy ym spmsoaeyy ‘sioxtul SyS oAo[dura Apuarmo 
‘AWAINISUDS JSOYSIY BY) Pepoou Yaeasal oisXydonse op * syoxtu oporp AMROYIS Fursn uajyo o1Ow oy} st ‘APATISUSS YSTY 
OS & poou 7,U0p Yyoreasar Dueydsoune (sjoueld JoyIO 10) Ye SLL, “SIAto9ax OUAPOIT]OY JOJOUTT|RUQNs 9Y} UO pasn oq pmnod 
SiOx (S[S = suponpuoaedng-sjeyNsuy-sugonpuosedns) uonounf auun; Bunonpuosredns pue spor AMMOYIS yog 


SYaXIW SUNAGOUULAH UALAWITIINGNS - ¥ 


‘aanjos1aduia} UOOL PUD ¥ QZ uaamiaq Bunvsado 
suaxnu AYNOYIS 40 ‘y p Iw Bunosado Ssaxna SIS aavy jauunyd YY ‘Saatamo.soads puv soudo-isonb uowwog Suisn 
49A19904 audpo.sajay v fo auljno aypuayas : ¢ aams8iy 


FS '— ow ow ome eee oe | 


{ a2njesadua) juarquy 


21NjB1aduts) yuzjquy 


102 


3408 


—_— me owe ee ae eee oy 


‘NOLLYWEFIYD 
'S1LIO ISVAO : 


aayawoseds yey 3}q pue +pdo-cjsnsy 


‘pasn oe ‘(siajowoNeds oNdo-ojsnooe ‘sIdIP SoOAEM-INSNOIE SoEpMS 
‘S1OJE[ALIOIOING JeSIP ‘syueq JojFJ) Soury pexysods oy) ino ayeredes 0} JooWONeds UONNIOSeL YsIy eB ATpEUTy pue ‘pueg 
SABMOIOIUF 94} UT Ayensn (77) Aouenbay oerpouusjur estou Moy & ‘(uOMouNf youn) BuMoNpuosiedns sS]S 10 aporp JaUEG 
AYMOYIS) woursys (Joxtus) SUTIVAUOD UMOP BSIOU MOT BY} OPT OT pue yeusis sy oup sofdnoo Aouatoryye yoryA Joxaydrp 
Aouonbay & ‘eusis poarasqo oyt Jey} 0} Posojd Asa Aouonbayg vB ye (‘OVT ‘JOJeTIOSO [eoo[) Jamod spy JO vamos [RIO] & 
‘(euuaue Jeuefd JO WOY Pooj opmBoaem) smMonNs Buijdnod jeusis ssoy MO] & JO ISISUOD ATTeIOUNS SIDATOIEI YONS *(¢ *BIy) 
duYda} UONOsIep suApOR}OYy oy) BSN UONNTOSeI Penoeds ySry pue AyAntsuss ysTYy BuLMber suoisstu oy) JO [TW 


SHIDO TONHOAL AINAGOWALAH WALAAITINGNS - IL 


9661 Alng ‘osnojnoy ‘Aso[ouyse], zHoyeIay, UI SUOMIONpP Mau sININsUT ApNS paosueapy : O.LWN 


‘sauupys Kouanbasf fo saqunu a8.inj C4saa v Ksnoaunjmuts 

Sajduws aoiaap siy] ‘4ajawuo.szads puayopg ayy ui uounjosas Kouanbasf uasoys ays 30 paskjouv aq uvd jousis parsaauooumop 

aut uonvoyyduny saytn{ saify saxque ays of yous 1s ay Suipaaf asofag saxajdip v ut pauuofiad $1 Sui8saw pousis ‘spungapis 

paatazas omy ayy fo Kuv j2ajas 0} pasn aq up? sayy y ‘Kouanbaaf yuasaffip ay} j90.4YXxXa pup aud paataras ay} 0} (401DII19S0 

j090}) jousis aur ajqoauni v Suppo <q paaaryon s1 Kouanba.f ssadoud 0} 421Sva uD 0} joUusIS paatazad ayt fo uoIsS4aAUOIUMOG 
wajsks uoyrajap au€pousajay fo ajdtouug : ¢ aan817 


. 
i 
fy 
s 
. 
‘ 
s. get 
- 
. 
* 
” 


PUegepis 18M07 


VOSSRUSUEJ] BIN 


A wimppeds FRoALIOUOLISYy x 


‘umajoads ayt fo 


sud juasaffip ajduuns 0} saojoajap ayt Sulqoua ssajawosafiaqut om) ayt Sutun} &q yiSuajaavm ul pauuvnos aq uv2 ‘ssodpuvg 

Mo. Cad ‘patittusunal ay} ‘paaaiyoo $1 uounjosas soysiy pourf op (Sursods ysaut 4a8.40]) uounjosaa 4ay31y jo sajquosafiaqut 

jouonippp auo Suppo Kg ‘asgursf uojsstusups sajauosafiaqut tosgg-Kigog auo Sunvjost sayif ssodpuvg vo fo suvawu &q 

apo $1 uondajas yiSuajaapm aipumnosddy ‘saatawuosafiaiuy pun ssaqif fo uoissazons ov Xq paanpa. $i yipimpung jo.sjoads ayy 
warsks uouyoajiap ya.p fo ajdiouug : ¢ aan81y 


ae Fs 
sidiawosepaiut g4 Guuuers Aq pamnseaus wnsedg Vv Ps 


DOISSIWSUEN g4 LOGNOsa YOIH 


UOSSIUSUEY} J UOYNOSBS MO} 


ay 


UCHSSMUSUBI 201i 4 


a. cr ee 


A wnAIeds jPORUOUQUISY x 


9661 Ajng ‘asnojnoy ‘A8ojouysay zyayesay, ut SuORIeNp mou oININSUT ApNys pooueapy : OLYN 


aoe [ee [| re | ew 


wi OTz-sg | wm QIz-sg | esuer psuspoaeAy, 


spung Aouanbadf saaiazas (Hyp) aukposajayy Kouanbas.juyinyy ISM: 1 aqoe 


uouvnsado fo sapoy : Z ajqoy 


ToOUIOTOG 
ysuajaaem 
Pitta) | 


Jo}9WIO{Og 
yisuspoaea 
suo] + WOYsS 


wit 006-009 | Wr 009-087 | Wt O8Z-OIZ | WIOTZ-SB | WH OOE-O1Z 


IQ dWO[OG 
isuspaaem 


yoys 


JO}aWOJOG 
ysuspaaea 
woys 


so}oNpuod 
-o0yd 


royoNnpuos 
-oyoyd 


JOJONpuod 
-ojoyd 


02-7 ST - 6% 82 - PE Te - 6€ 
00ZT-0S6 0S6 - 008 OS8 - OOL OSZ - 009 0S9 


SIS SIS SIS SIS SIS 
6 BBL 9RS vee 


# pueq JoAIa00y 


UM arse 


FUEL eye 


“AVTUNWUIOD PROIWOUONSe VpIM-ppom oy 0} a1quTTeAe Arojearasqgo aoeds posegul-sey pue syouruqns ssodmd 

“TYNW SNF OY} OG TIM I “OSIOATUN Pjoo ayy jo ApMys oy) ul psemsoy days wequenb ve ul Zunjnseal ‘snp pue seB Areyaus02 
pue Arejoueld ‘reyjajsumnond ‘re[jaysioyut yO sonmeudp pue Aystuioyo ‘sorsXyd oy) uo uoreuoOyur poyuopacesdun 9A13 
If sjuownysut pueqnmnw syy “Adossonseds pue Anawojoyd yjoq soy AyaNIsuas qrodns sayo TIA LSwia ‘uonnjosex 
jeyseds pue yeneds ysty pue ‘odeioao ySucpaaem arsuajxe ‘punossyoeq feu Moy GndyZnonp y3Iy sit WIAA 
‘suulopeyd ouroqie woy a1qisseooe Ayfenzed Auo st pue 

‘punosd olf] Woy peAresqo oq JOUR. YoY uMAIeds oN Jo wed poropdxoun AqenAA sip dn uedo [MH Lowy “(Z 21981) 
pueq yIsusfeaem ull O06-S Oy) SuLIAA0 ‘Ia}aWIOJOYd pue JoJ}OWIONIEdS pue UNIpeW SINBeUN Ue pue ({ 9[qQ~EI) JoATOIaI 
ouxporsjay UONNOsar yenseds ysiy Aron ‘jouueYysHTOU & JO SuNsisuod peoyfed v ytM podmbea adossaja) urerosse> pofooo 
APPANLIPeA JOJVWEIP WE & BABY O} UDOSBOJ SI LSU ‘osu Bujaaem posegui-sey pue oNownjwqns oyy ut Anowojoyd 
poe Adoosonsads yndysnon ysiy 0) pajoaop si uOIssTUE SIYL *,000Z UOZUOY,, ‘eouatog soeds 10} gutuTEI301g ULID], 
-8U0'] WS ey Ul syoafoid ,,aUdJsIAUIOD,, MOJ ay JO uO St (LS yA) edoosajay, sed oxowITTIWIGns pue poyeyuy Je.] oy], 


LOMOUd LSI 24 8 SHINO TIONHOGL AMLAWITINANS - AI 


ve) 


9661 SIN¢ ‘asnojnol, ‘ASojouysa], ZUOYeIE] UT SUOQIONP mou ajnNSUT ApNig paoueapy : OLYN 


juonesysaaut sopun si AZojouyoa} seporp srasey poudposayoyy : suoneondde ooeds 103 uordumsuos samod jeouyoayja 


ysiy 00}; poou Ady) ING “ZELL € - ZHD ODE OBueL Oy) UT S9dINOS OT] Se PosR ose SJOSeW JO}WITIUIQns 3uTduind srose] ZOD 
‘ZHO00L-009 01 da sroxtul STS aif sAUp 0} sontunyoddo osye ore SABE SIO}e[PISO MOY-xNTJ pue suotounl 

uosydaso¢ Buo[ * ZH OOt-00E 0) dn Jamod ysnoue apraaid 0} o[ge ame sIOJETIOSO [Jan WiNQUeNd ‘sIOJeYIOSO LIWAH 
“CouRsIQOTA'n) 

PAN “Idf 12 juowdopoaap opun cue syuouoduod sreueld many ‘SIOXIW SIS 10} ZALL S°] pue AyNoYoS J0j ZL 0} dn 
Jomod ysnous opraoid 0) afqe st A8opouyda) SIL “C“BAN ‘Dd¥y) SepOrp JOWBIWA poroysiym Busn sraydnjaw Aousnboy 
IPA Popeased sIojVeTPIISO uUNg Aq pourejqo Apuaxmd st ‘suoMount STS 30 saporp ANNOYS 10} popoou JoMOd *O’T OL 


SHIDO TIONHOGL NOILVYANAD YOLVTWOSO TVYIOT - @ 


"W O00T Kjaimumorddn aq jim sadtadaa KyNOYIS pajood ZH E I ayl 40f 7747 jwyr paywuutsa S11 
“‘saaxnut $$ 40f Kouanbasf sa (9947) aanjosaduay astou saiajas pauiwigo Kjojuauatiadxa 38aq Kpuasind ay J 
‘Saanyosaduiat asiou 49413994 SIS aukposajayy : 9 a.ms1f . 


9661 “61 YEA ‘NOUS 4q popduios "SJOXIW PoUunj-poxdy Juasaidar SUT] YON L 


{Z}5} Aouenbeiy 
pth 0001 G08; Oog - one 009. QOS" OOY_ OO 


"uoneodo sounds sway uo] ‘aJOUFar 10J UONE WIT] JUeOMIUsIs & sosod yusWUOMAUS 
juaique wnijoy pmby & 10J Juewamnbar arp ‘1anomoxy ‘syuowe]a qn/AOXTW/GN JO} Mf p 0} °9°L ‘amperaduia} uONIsueN 
uononpuodiadns ayy MOpoq [TIM Soumyerodura) 0} papoos Ayfeaiskyd 9q ysNus SIOXTW SIS oY], ‘SIoxtw aUApOsojay SIaJaWO[Og 
voy 10H Suisn Aq JO suorounf Bumonpuooiedns NAN WIA SIS sulsn fq amjny eau ay) ut sJquaotyoe 3q PMod 
ZHLE-Z “(T¥) SHNOMD sqnjs BuyuT} eyous JeuLIOU IIM ZHL p'I-Z'] Se ysry se sorouonbay ye A]qissod pue (9 “3) AYO 
O0L 0) dn spueg saeA-IQQUNTTIU oy) JNOYsNoNY AWA SUVS popu] WNyUeNd Iwou jo Tenuajod ayy ssayjo yorym uUONoUNt 
JouuN) (SIS}QN JoINpudcosedns-soj;eqnsut-Iojonpuooradns vam [TeUs oy) st oAredar ouAposojay Suonpuoaadns Aouanbay 
Ys1y JO WLIO; zuapeAard jsou! oy) ‘JUasaud TY “OpLATU UINIGOTU sJO}NpUOIEdNS AIO}DEAI OY] UO Peseq spud-jUoY J9}9WOTpeI 
JO quawoddojsacp oy) spremo) Soomossal May) JO yINuI pojoasp sey AjuNWIWOD soIshydoNse sABM-IN}OWITTPUGNS OW) 
‘sooepMs ZuNd][O Ja}Tews JO VSN oy} pue Sout) UONRAIOSGO JOVOYS ‘AIIATIISUVS IaysTY 19A9 UTE}GO 0} YsNd oy) UT 


S}uauidoyaaap suoyounf jauuny sis 


O66] Aine ‘osnopnoy ‘ASoOuYysaL zuayeIsy, Ul SUOTIDONpP MoU DINISUT APMS paduRAPY : OLYN 


“¢6 aunf pun C66 42qG0190 ‘josodoid 
VSq ‘auozo sof Kpiuomajou asaydsowujo ayt ut sassazoid fo uounssasqo asjaiuyjnugns ONWNdOS - UFILISYW - 
"96 Koy ‘unsjs6 -2aq ‘(10 puo) yIa|vD-Tdf < (10 puv) NOUS Staodas Sunaawu PTH LTH - 
"£661 Idas 0- £6 IDS ‘l40daa y asvyd ySq ‘jo Ia No«gI1g “D ‘adorsajaj aovds unuqns puv pasosfut of ISYF - 
"£661 Kou ‘sutsaauisua 
MWAWU - FL8I 204d for AldS ‘jo 12 jasaiy “A (STIN-SO) 4apunog qui] aavmosnip warsks sutasasqgQ yoy - 
“0661-7661 Si4odaa DSS ‘Yoavasad JUaydsowujy pup joonuouoysn sof joafoad ajijjaros ous ysipaMs 0 '‘NIO - 
266] Aataunl CI-p] asnonoy ‘aovdsq ja Sapuo-o4dlp Sapniy, p Saguanos sawez ‘zDUaLIUT ‘of ‘SOUOYY 
‘) ‘urpnayy ‘pw ‘uipnvag ‘5 < anbiagwuapyjnagns ja anbiajguyjna aumuop vj Ssuop ajuaigyood uondaigp Ua 140,} ap 101q - 
"1661 aiqiuaaou ‘janoy aj Cian ‘anbrajguajjna 
doysyiom AAA] ‘SouoYy “DH ‘dauaonorg ‘q ‘uipnoag ‘dD <‘ aovdsa} Sump ja jos no Sanbiajguajiiu sapuo ua ataiguopoy - 
‘9661 YI4DY ‘ajpiasaopaoyy 
piursaiA fo Aussaaiupy © pE6y Mow ‘upsiysip “N : ‘£661 p4do yowW 'YTION ‘ 2661 Yy24pu ‘uDsiystpy fo 
Ajisaaaiupn ! 66, Caonagaf ‘oisofyp puappsog 'WSWN-Tdf ‘8ojouyray ziaayosay ao0ds fo wnisodwu¢ jouonpusayuy - 
‘QIUDLY - Sf XAPID SID YELL ‘SEYIN OLD and OT-8 VST 
‘06 «inf ‘uni8jag ‘asarz ‘anbiskydosisy,p imjusuy ayl yo pjay waninbojjoo pouonvousanut a8arqz yigz ays fo s8uipaasoig - 
‘O66I YIsoi ‘aguos yz ‘sayanoy sap anbiskyd 
MP asjuay ‘xIOX Many Suonvoygnd aauats DAON ‘suoynIyddy say) puo syssuajaaom sajaujjna jo UuoNIajap WwWasayoD - 
(SQ) ONC ‘syoog avsonG snusK{> ‘(9R6T) Notlipa az snv1y ‘Kuouossyotppy - 
“ALT 
(uopuory) uy ssatq Jnuapvoy ‘(YSN ‘LIW) uolng ‘f ylauuay &q paitpa (S861) EI-[ JOA Saany, AataualipW pup pasvafuy - 
‘Duy asnoy yIay YY ‘(EM6T) jo 12 XqviQ 4 ‘suisuasy ajoway zapmoasipy - 


: suodel ySq LSWd 
ou) pue STIN-SOd oy) Ajureul Zutsn { soouaijas SULMOTIOJ 9Y) UO SoTSTPe pays, sl) Wo spew useq sey Joded sty 
> SdIMIAIJIY 


““SyUsWIdOJsA sp JOST] [WINS 
ay) suipuny 10] WSVN ‘YSa ‘SAND pue Joded siyy 0} suonedtomed fenuaqns ney) 10} ‘(yS/A ‘¥D) vuapvsog ‘Yy2a11DD 
“Tdf St TTan se ‘(spuojaayian ayi) ‘WSF-DALST ya ‘uresy peopsed ouApossjay Sy yl 0} © syuatuaspajmouyoy 


"* ginny Jeou AOA OY) Ul BWIAWOS BdedS UT A]J [JIM SIOAIIIO! SENSU UIGNs 

auApossyay SIS Jey IQnOp ou SUES IJ “(C"OQN] ZeH pasing 

‘QBEIS Lf Pue KEIAUDBOAID BjOAI pasopd Sulj1ajg) ASojouyda} L9pOOOALD se [Jam se AWHIQeI[o1 SUOnOUNS pue sooueULIOyTed 

JoXIW yjJoq UO speul Bureq st ssazZoid jueoyusig efosd [Syl ay) UO pesn oq [PM WIplmpueq snoourjzuEysul 

7HO > wey) sou yA siajawONIeds pusyoeq aIqIxoy pue sue! ZO OOZT OOS oy) UE sIaxIUI Sg ‘parombar 
aR (901 z XP) Adossonozeds oudpossey uonnoser yenseds ysiy Area pue aaytsueas Alaa ‘orsAydonse 10.4 


"4809 pue Ayrxardur02 
sQWwWOIpel Buyonper pue Appqeipar soraep Zuraordun ‘yppiapueq snoouejueisul oy) Surseorout ‘(ZELL ¢ 0) dn) so1ouenbay 
yoysty 0} Surysnd uo useq sey suonesydde gursuas sows: yueq ‘oaem-JO}AMIT[WUGNS pue JoyoWATIW JO; siseydurs 
oy) ‘ped jsOUr OY) JO.4 “SISJOWOIPEI Vporp-JOJONpUOTIWES Pojood Ayaaissed JO ampeoduid}-wWOOl WaLMd wiOsy apquyreae 
AVIATISUSS OY) UTM PoATesgoO oq Ud SUOTIISUBN JeyNSIjOW Ady JO Joquinu ose] Y ‘soisAydonse Iey][I}s OJ St jt SB oNsst 
ue yesnud se Ayreou jou st AyApISUaS ‘soroydsouNe syoUIOD pue sjouRrd ‘s,yeq oy} UT SUOMBAIASGO ySOUI 10.7 


> NOISNATONOO - A 


2 
A =°7 ‘“(ssa[sso]) 0=D=UF 


DOf+DK 
| = 7 
JOL+Y 


souepoduit o1jstiajoeseyo 


OM + 4_2°Y = (Z)A 


jor? UOJ 94} JO ore 7 pure A 


(Z) S[ejuoWepUny oury UOISsIuUIsSUBAL 


EK 
v 5 


ate 
vo 


oV 


d T 


| S[ejJUIWIVPUNY UIT UOISSIUISUBAY JO MOTADY 


stsXyjeue win00dS = 

SONSSI UOTBIQIVO — 

suIqold Jayem — 

SIOZATBUB YIOMJOU JO}JOIA IO} $19}IOAUOD-UMOP — 
SISATVUB YIOMION w= 

sonbruyos) [eondo-tsenb — 

AZo[OUYE) poyejos pue sjiod-xIs — 
AJJOUIOJDIT[JoY = 
Aouonbasy SuIsevaIOUT YIM SuUa[qoId oy], = 
SUOTJIUTJap [NJosn puv sjejUOWepUN] OWOS = 


Bpuasy 


‘W'A ‘LL6 ZST SpaaT 
spaa] fo Missaaiuy) ayy 
Sumsaauisuy 9I14499]q 2? 91u043991q fo juaujsvdaqg 


pieyog ‘gq 13807 


SJUIWIIANSBIJA] 2 


SOPINSIAVAA ZJADYBAI], 
Y DARA JITSU 


aA 
wap ¢e=” 


ZHD OLI > J 
wu ¢'0 = 


oury [vixvo’) 


(979) = = J oroyyoog uoposyoy 


|'a|-|'a| 

al+|'a| 
°Z 

“a+ a 
“A+ 7 =A aseyor 

suOH Uo] [NJ9s/) - 

S[eJUIUIE PUNY IU] UOISSIUISUBIT 


=9 UMSA 


=y juound 


(p Ue}) SSO] OINDOIIIG = 


SSO] OSeyLI] = ae | ee 
Wl ~ 7 * 
SSO] UOTIVIPLY = — 
— = *y 
7d 
T * yoyovy | 
SUIT YM AjIpour — techn 


SSO] JOJ}ONPUOD = 


| 
slojonpuoorIUes — O/ Y= "7 
(p) S[eyWOWIEpUny sur] UOIssIuUsue.Ly, | 


(sof + 9)rof/ = 


qf/+o=A 


(¢) SjeJUOWIEpUNY surly UOISsIUIsUBLy 


EE 
& VEO os 
Sad 


ZHDL Ie SSO7F 
Ayl]igeinjorjnuewl pure sadue1eyo} — 
SSO] — 
SOPOU! SpINsoARM — 
ivuvydoy dLyso.1dTY 


SOUT] [VTXBOD JO UOTJIOdO IOj S}WITT = 


SUOT}IUTJEp [NJasn IUI0S 


wap | =” 
ZHD 0S 1-08 wap 9°¢ =” 9 
on ZHD Ov1-06 
Wu ¢ =g wut QT = 4 
Wu QO] = 2 WU 07 =0 
SOPMNSIABAA IB[NGUBIIIY 


IPINGIAB AA ILIQII[IIGU AB[NSuVI9y] 


AP ['0> sassoy tamod ~ 
SIOLIIU/SOSUd] WWpp UsdM}0q UW QZ] “xosdde 
wu 9 xoidde jstem weaq 
O] oner ompade posy ‘wu, —V 10] “3° « 
(snooj-tsenb) jszom-wiag ye onyeA WINUOTUTW — 
UOTINGINSIP pal} 4709s — 
sued 
POISPISUOD 9q 0} YSNOUd |[[eUWWS UOT]OSS-SsoI9) JeIxesed — 
suleaq URISSNeD = 
‘O}o “UOTVUNT][OD SUISSNdO}j ‘UOTIEOIJIP JO sonssy] = 


YOOT 1s¥9] Je s}uouodur0S 
siinbol soydo [eotyouross Jo sonbruyos} [ensy) = 


advdg 99.1] Ul SUIBIG] UBISSsNe*s) 


‘Aouonbody jJyOJNS OU Sey VpOoU [eJUSTTepUnY = 


"O39 ‘OINJBAINO JWOI-aseyd ‘ozIs URAQ [[eUIS - (APOy] 


wivog uvIsSsney) WIG sulsn joedulod oyeul UD = 
‘suIvag OAR OUPTd 
BIA PO} TWWsUe PUR SYISUDTIAPM JO SpuBSsNOY} oe 


YoryM SaZIs suUNSse ‘OJa ‘Sasua] ‘suTeaq ‘sondo Ay = 


‘suorqeordde axa] TU 0} poyins-]]aM 
pure sso MoT AIOA d0edS-99Ij - J[QISTA-IB9U 


PUB SIQISTA IOJ [JOM YIOM (SdIQU) SOpMsS ILVD9]9IC] = 


SuI93}SAS [VI dO-IsVNg) 


SUl[pueY IOMO"”d = 
SSOUYSNOI DOVJING a 
A1O9Y} UY} 9SIOM %CZ 0} dn aq URS — 
QOULISISAI QOVJINS ww 
Spins optsul syuaUOdUIOS Jo UOTONIJsUOD Jo swIay;qoid — 
SIOURID[OJ ‘SOT[NIYJIP UOeOUGeAy = 
Aouonbary ui A[pided asevaioul sasso’T = 


3 sapuonbea.y 


% 
vo 


(By ‘xo:dde) pueq jo pua Aouenbay ybiy je , 


|__ Ae | Bter'o x g¢99°0 | S2E-022 

Te Ee 
Pe Ce 

| =2eee =f $9780 x 1S0"h 

| fesF | olor x ceo? _ 


O88 | X6SZ 
|__vser | 


| _teore | ieee | assexaiie | szum | orsoe | eM 
| Zzrort [s+ | gle pxeooor | crum | sezet | 


(uw) vig (ZH9) 
uojjenuany @oUuesajOL (q x 8) a} apinBaaem | Aouenbely pueg 


SUOTIVOIJIOOdS OPINSOALAA w 


(*pjuo0d) SUOHUIp [NyJesn su0sg 


(70 )dxa (zyf—)dxa (z°A *x)n = mh 
— SUIZEp aM JI 
Y/UT=¥ = TOM QML Y +A 


({) Atos], Bpoy] Ulvag uvIssne+) 


wivag UBISSNE JO S19}9NIBIeg 


*H “YI 
OQMCey Ul UOHNngLysip pp 


apnyydury weeg uvissnesy 


sjusuodulos uOTIBIqI[eo — 
sosuv]] pure SIO}IOUUOD — 
SJUSUID[O SAISSEG m= 
SIOVISAUNODUMOG] w= 
SI9}OWIOOG — 
SOpOlp — 
$10}9910C] = 
yoyeuwl — 
sno.inds — 
Jomod — 
S90INOS = 


SONSSI JUIUIBAINSvIU JISBY 


s | 
-) 
Yo 


o="0 } 
0 
poyoueu indjno YIM JUSLOIJJ909 UOISSTUISUeI) PIeMIOJ a Zo 
=ty ly 
poyoyeur jndjno YIM JUSTOIJI09 UOT}OOTJO1 INdUI ne = "Io 


tn coe reg : “g 


Ip fl tg Mo Ig 
tptic 4 Ilo = % rd 


“ple + lpi = 9 


SIDJIWIVACY SUILII}IVIS 


yuspiou] el S payiwisuely 


paooyoy 
C7 


paj}oayJoy 
1] S 


$ 


poayiwsuesy 1Z yuaprou] 


S1JJIWIBIV SULIIIVIS 


nm 


( “al Joe [( — zy) f—]dxo (= 


z 
SI UONYOS spou jejUSWEpUNy sy], 


(Z) AMOI], BPO] WUBI UvISSNe+ 


UGE Cee ee oes 


B3 


SUIVB*) UIVUIOG JUL], 


oui t Aouanba..j 


f 
painseozy 


{ 
‘ 


pryurnaped 


unOJsueI 
JaTINO. VSIOAUT 


:pajzepnzeD 


SJUIWIIAINSBI]A] UlVWIOG sUILT, 


EK 
v Fas 


Yo 


HWeyO WWUS 


ai 


Else 
aay 
i) 
lat 
ee ae 
2 a mae 
AouanbalJ Aouenbel47 
urT BOT 


skejdsig 1azAjeuy YAOMION 


JIZA[VUY YIOMJIN 


Six-port reflectometer 
Six-port reflectometer 


Time Domain Example Input/Output 


= 
i 
aa) 
oO 
©) 
ad 
0) 
so) 
a 
poe 
ws 
. O&O 
7 
t 
2) 
i 
© 
nel 
Q, 
am) 
e) 
OQ 
| 
Zw 
ome 
© 
a 
5) 
Somes 
+ = 
= 
= 
SS 
= 
a 
a 


# Six-port and related techniques (vector) 
= Vector network analyzer range extenders 
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Y¥ comp. = Yi +Y2= 
= (A- jB)+(A+ jB)=2A 


transformed to match 
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BLTSA on thin dielectric membrane 
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BLTSA Antenna 


Cr/Au antenna structure on SiO2/Si3N4 dielectric 
membrane thickness 1.7 jum 


Antenna length L=6.7 Ao 
Opening width = 1.1 A> 
Total width = 2.85 Ao 


Detector: room-temperature micro Bi bolometer 
w X1=5 x 10 pm 
thickness = 100 nm 
resistance = 100 Q 
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Measured antenna patterns at 350 and 800 GHz 
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Sensitivity of SIS Heterodyne Receivers above 300 GHz. 
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Extemal models, programs, date. 
(Mattis-Bardicen theory of akin 
anomalous effect, Tucks Feldman 
theory for SIS mixer) 
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Through the nonlinear response of the 
mixer, there will be a current 
component: 


= * _ i(wt+d ;) 
[,= cV V, = cB Be : 


This current drives the radiating 
antenna to generate an E-field: 


i(wt+0 ; ) 
E.(r,) = A;e 


This field is conjugate to the 
incoming field at r, 


If we can generate E,.(z = 0) for all 
x,y, we will have E_.(r) for all r 
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- pump/probe setup - ae 7 

- ps electric pulse generator: freely positionable photoconductive switch 
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=> with 200 nm SiOz insulation interlayer 
6.5% decrease of Ereff 


; | _ => good agreement between experimental data. 
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Mefprinzip: 
Mischung eines periodischen Millimeterwellensignals (/siv) mit einer 
hoheren Harmonischen der Laserpulswiederholfrequenz (/,) 


=> Abbildung des Millimeterwellensignals bei einer Zwischenfrequenz fin 
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Scaled Model for 7 GHz 


7-GHiz planar Resonator 


Slot Lenght: 25.25 mm 
Metallization: Cu (17 um) 
Substrate: Rogers TMM-10 (€,=9.2) 
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Magnitude of x-component (50 um height) 


measured 


x (mm) 


f=6.85 GHz 


calculated 


0 10 
x (mm) 


Ban ase EO Amplitude 
-ma-a3 (arb. units) 


x (mm) 


x (mm) 


x-Component, f= 6.76 GHz, Variation of the Probing Distance 
| 0 


Normalized 
Peak Amplitude 


WMA © -- 3.23 
MMMM 3.23 -- 6.45 
WE 6.45 -- 9.68 
WM 9.68 -- 12.9 
WE 12.9 -~ 16.1 
. 16.1 -- 19.4 
19.4 -- 22.6 
22.6 -- 25.8 
25.8 -- 29.0 
29.0 -- 32.3 
32.3 -- 35.5 
35.5 -- 38.7 
38.7 -- 41.9 
41.9 -- 45.2 
45.2 -- 48.4 
48.4 -- 51.6 
51.6 -- 54.8 
$4.8 -- 58.1 
58.1 -- 61.3 
61.3 -- 64.5 
64.5 -- 67.7 
67.7 -- 71.0 
71.0 -- 74.2 
142 << ITA 
"TTA -- 80.6 
SO 80.6 -- 83.9 
WE 83.9 -- 87.1 
MB 87.1 -- 90.3 
HB 90.3 -- 93.5 
WH 93.5 -- 96.8 
BHM 96.8 -- 100 


LASER-DRIVEN BLOCH OSCILLATIONS 
IN SEMICONDUCTOR SUPERLATTICES 


Hartmut G. Roskos 
R. Martini, F. Wolter, P. Haring Bolivar, C. Waschke, 
G. Klose, K. K6éhler (Freiburg) 


Institut fur Halbleitertechnik II, Prof. H. Kurz 
RWTH Aachen, Germany 


BLOCH OSCILLATIONS IN PERIODIC POTENTIALS 


Electronic wave packet in a periodic potential (period: d) 
superimposed with an homogeneous electric bias field F 


F 
<a 


Spatial oscillations of the wave packet because of Bragg reflections 


SEMICLASSICAL PICTURE OF BLOCH OSCILLATIONS 


Electron wave packet in a periodic potential (period: d) 
subjected to a uniform electric field F 


Bloch (1928): Wave packet 
E(k) er, moves with constant velocity 
ft 7 hdk/dt = eF through k-space 


Real-space velocity: 
kK Av(k)=dE/dk 
v(k) | 


Zener (1934): Spatial 
oscillations with Bloch 
frequency 


v,=eFd/n 
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Generation of Bloch oscillations by simultaneous 
excitation of excitonic and/or continuum Wannier-Stark 
resonances with an ultrashort laser pulse 


E=Eo+neFd, n=1,2.... 


Au: miniband width 


ZEITLICHE ENTWICKLUNG EINES 
WANNIER-STARK-WELLENPAKETES 


A? = + PP 


SAMPLE DESIGN 


Superlattice structure as the intrinsic region of a pin diode 
Sample patterned into 450-um mesas 


Cr/Au ring contacts 


35-period superlattice 
9.7 nm GaAs / 1.7 nm Al,,Ga,,As 


540 nm graded Al,.Ga,,As 
(n'-doped, n=2x10" Si atoms/cm’) 


n-doped GaAs substrate 


8 kV/cm 


At=0 At=1,/4 Ai 


100 200 300 400 500 600 700 800 900 
Ort in Wachstumsrichtung (A) 
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30 nm p’-GaAs (p=3x10" C atoms/cm’) . 


Periode einer Bloch-Oszillation: 
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EFFICIENCY OF THZ-WAVE EMISSION — 


ee ee Energy of the emitted 
Vv coherent radiation is 


~ i —ti‘<«~‘t;é«éXtracted «zy Waanniierr-Sétrk 


ladder transitions 


Questions to be addressed: 


e What determines the emitted power? 


¢ How to increase the emission efficiency? 


COHERENCE AND EMITTED POWER 


Single dipole § W\ > I(t) ~ |E,(HI 
Coherent emission into the 
' nvr same electromagnetic mode: 
Two dipoles ; l.on(t) ~ [E,(t)+E,(t)|? 
i Ae Emission with same phase, 


same amplitude: 
l.on(t) ~ 4 IE, (t)|° 


ot ee 


Coherent emission into one electromagnetic mode (= BMPR 


is more efficient than incoherent emission: Lon(t) = 2 Incon(t) 


SUPERRADIANT THZ EMISSION 


Ea = N AE: Interlevel energy. available for 
coherent emission, N: Initial number of electrons 


"ee Na 
Pig. Power of emitted radiation 


—> Ya = Pra / E,.. : (Radiative transition rate 
1 / Yq . [Radiative lifetime 


Dicke, Phys. Rev. 93, @9 (79533 
Victor et al., JOSA B 14, 2470 (4994) 


N, : Number of cooperatively emitting dipoles 
N' = 1: Spontaneous emission rate 


An increase of N; results in an increase of the radiative transition 
rate. Complete energy extraction, if: 1/yraa < dephasing time 


COOPERATIVE EMISSION 


THz pulse 


Initial THz radiation power P(t=0)=P, 
in each emission cone: 


THz pulse n': index of refraction of semiconductor 
5 aaa (3) n: volume density of carriers 
B: internal beam angle 
Zien. electron-hole separation matrix 
2 Za. full spatial amplitude of 
Bloch oscillation 


Measurement of P,(o) => amplitude Z,,.,(@) 


ee ee, ee a a ee ee ee eee 


DENSITY DEPENDENCE OF THZ AMPLITUDE 
Width of first miniband: 18 meV, pin sample, 1.9 THz 


=) 


~ 10 2 15 

3 g 

o a 1.0 

6 Sf % 

Bae N 05 

a = 

S 6+ iB 

= CO aa ee 

= Optical input Power (mW) 

co 4 

N g 

a i 2 

rF 92 ‘ Bandgap excitation (hv=1.542 eV) 

ee Above-bandgap exc. (AE=15 meV) 

—6(0 


0 1x10'° 2x10'° 


Excitation density n,_. (cm’* per well) 


exc ( 


ene . 


Optical excitation power (mW) 


EXCITATION-DENSITY DEPENDENCE 
OF THz EMISSION 
First miniband width: 18 meV, T= 15K 
Red lines: fits with exponentially damped cosine 
Time delay (ps) 
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SUMMARY: COOPERATIVE (SUPERRADIANT) EMISSION 


Emitted peak power Po: 

e Quadratic scaling of P, with n 

e Achieved: 2 nW at 60 mW pump 

e 5% output coupling through 30 nm p’ top contact (58% Drude 
absorption, 37 % reflection loss) 


Dephasing time t: 

e Decrease with n 

¢ n=2x10" /cm’well: += 0.4 ps{radiative lifetime: 10-100 ps) 

e Dependence on n like thatof interband polarization of ensemble 
of 2D excitons and free carriers | 

e But in contrast to interband polarization: same dephasing times 
for excitons and continuum electrons 


Spatial oscillation amplitude Zetcen: 


e Frequency dependence follows roughly the 1/v,,,., dependence of 
the semiclassical theory 


BLOCH OSCILLATIONS OF ELECTRONS 
EXCITED HIGH INTO THE CONDUCTION BAND 


Case 1: 
Bloch oscillations of electrons/ 
i ; excitons at the band edge 
- LEEPER Case 2: 
7 i i HE Electrons in high-lying 
i continuum states. Expectation: 


e No FWM signal => Bloch oscillations not expected 

e For excess energy > LO-phonon energy E,,: 
Phase coherence expected to decay within phonon scattering 
time (~ 200 fs) => Bloch oscillations with v < 5 THz not expected 
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Photocurrent spectrum 


13 meV 
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EXPERIMENT. POPULATION DYNAMICS IN 
THE FIRST ELECTRON MINIBAND AT AND 
BELOW THE LO-PHONON THRESHOLD 


Probing | | (first minibands ) 
at | Pwith 20. 25, ane 
bandgap | Eee 6xcese 

of hh3-e1 P energy 
nh ee Rei 

hh3 
hh3-e1 transition: 
only electrons contribute to the signal 
(hh3 remains unpopulated, as it is 
61 meV above hh1) 
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SUMMARY: BLOCH OSCILLATIONS UPON 
EXCITATION WELL ABOVE THE BANDGAP 


Bloch oscillations continue even after emission of 1 or 2 LO 
phonons : 
e Indication for intraband phase conservation during 
|O-phonon emssion 
e Phase retardation of the coherent charge oscillations 
observed. 
Explained by "bunching effect": Uniform and quasi-simultaneous 
momentum transfer from LO phonons. 


DU NOT AFFIX OVERLAYS ALONG THIS SURFACE 
- | - | 


FEEDBACK IN A RESONATOR: 


AN EXAMPLE FOR "LASING WITHOUT INVERSION" 
Lu, Opt. Commun. 38 (1990) 1684 


| 


! Overall gain with phase-correct 


- Optical pump : feedback consists of: 
_ pulses | 
TH wave e Superradiant gain : 
(cooperative emission from 
the coherent ensemble) 
~a-. THz wave @ Lasing gain (with inversion) 
T=0 T>0 ~ or absorption loss (higher 


levels less populated than 
lower levels) 
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